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OBSERVATIONS ON THE LIFE HISTORY AND MORPHOLOGY OF AGULLA 
ASTUTA (BANKS) (NEUROPTERA: RAPHIDIODEA: RAPHIDIIDAE)! 


R. S. WOGLUM? ano E. A. MCGREGOR? 


ABSTRACT 


This raphidian predator, common some years in 
Southern California foothill citrus orchards, normally 
completes its life cycle in a single year. Larvae first 
appear in May, are active through the summer, and enter 
winter dormancy in October. A prepupal stage of 7 to 
12 days precedes pupation, which usually occurs in March 
and April and requires about 19 days (average of rearing 
tests). Before its final ecdysis the pupa becomes active 
and moves about. Adults occur in the orchards from 
April till late in June, with the two sexes about equally 
numerous. Eggs commonly are laid in batches of 50 or 
less, and incubation averages 11 days. Three lots of 
larvae, started in 3 successive years, were reared on eggs 
and crawlers of black scale (Saissetia oleae (Bern.) ). In 
these laboratory rearings at room temperature the year 
around, winter dormancy came later and was less pro- 
found, and the larvae failed to pupate in the spring. One 


The writers (1958) recently discussed the life 
history and morphology of Agulla bractea Car- 
penter. In citrus orchards near Claremont, 
California, this very large snakefiy was associated 
with a smaller, more abundant, and more widely 
distributed raphidian species, Agulla astuta 
(Banks), which is treated in the present paper. 
The discussion of its life history includes an 
account of a peculiar accomodation ability which 
can operate to delay pupation’ for a matter of 
years. An explanation of the mechanics of this 
phenomenon was offered tentatively in the 
earlier paper, but remained to be proved in con- 
nection with the present studies. 

In their 3 years’ observations of the two 
raphidiid species the authors found that these 
insects exhibit considerable variation in colora- 
tion, pattern, wing venation, and adjustment to 
rariable environmental conditions. Laboratory 
studies were facilitated by the availability of 
field material at all times for comparison with 
laboratory findings. 


‘Accepted for publication October 11, 1958. 
2Pasadena, California. 
sWhittier, California. 


lot of individuals was maintained as larvae through three 
developmental seasons, another through two. When 
exposed to outdoor conditions, beginning October 1957, 
the larvae of all three lots promptly entered winter 
dormancy; they pupated in the following spring, and at 
least some individuals of each lot emerged as adults late 
in April 1958. Larvae molted 10 or 11 times during their 
first year in laboratory rearings, 2 to 4 times in their 
second, and once or twice in their third year. The 
various stages in the life cycle are described briefly and 
illustrated; and posture, coloration, and proportions of 
the body and its segments, and the structure of append- 
ages are discussed. Certain adult wing veins, previously 
in dispute, are identified by comparison with the tracheae 
of the pupal wing pads. Structures contained in the male 
genital chamber are described. 


REARING METHODS 


The studies on A gulla astuta extended from the 
summer of 1955 to the summer of 1958. Until 
October 1957, the life history rearings were con- 
ducted under ordinary room conditions at 
Pasadena and Whittier, and (briefly) at Berkeley, 
California. Each larva was reared in an indi- 
vidual glass vial, as described in the writers’ 
earlier paper, and was kept there continuously 
throughout the year. Feeding started with the 
second instar; similar to A. bractea, the first-instar 
larvae do not eat. The food used throughout the 
studies was eggs and crawlers of the black scale 
(Saissetia oleae (Bern.) ). In feeding the early- 
instar larvae, the eggs and crawlers were shaken 
from the scale body into the rearing vials; with 
the later instars, the adult scales with their con- 
tents were placed in the vials. Snakefly larvae 
were not actually observed to feed on the tough 
adult scales which, however, were used by the 
larvae as protective retreats. 

Vials were examined daily during the first 2 
weeks of rearing, but thereafter the interval 
between inspections was increased to 3 or 4 days. 
Late in each season, as the time neared for the 
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Table 1. 
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Date 

| eggs 

| hatched 
1957 
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No. 
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Posthatching development of A gulla astuta (Banks) in the normal life cycle (1957-58). 


Date successive molts were first detected 


Crawling pupa or 
adult detected* 


| 
| pasta a | 
| 


| 7th 


6th 8th 9th 10th 


4-30-58 
4-30-58 
4-30-58 
4-30-58 
4-29-58 
4-30-58 
4-30-58 


10- 2 
8-26 
10- 8 
8-26 
8-31 
8-26 
8-20 
9-10 
10-1 | 
10- 1 
10- 3 
8-31 
9-17 
9-10 
10- 1 
10-16 


8-27 
8- 5 
| 9-10 
8- 6 
8-17 
8- 6 
| 8-2 
8-10 
| 8-26 
8-20 
| 8-26 
| 8-10 
8-20 ! 
3 | 8-20 
| 8-31 

9-10 


?b 
9-17 
8- 2 
7-22 
7-22 
7-22 
7-22 
7-22 
7-22 
-22 
2 


| 
9-22 | 
10- 1 
9-22 | 
9-22 
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*Prepupae and quiescent pupae not observed (see text). 
»Condition of larva indicated that molting had occurred. 


*See text regarding all observations made on July 22. 


beginning of the normal dormant period, the 
vials were examined about once each week. All 
molted skins, when present, were removed from 
the vials at each inspection. Larvae sometimes 
devour their exuviae, but usually avoid eating the 
hard mandibles. Because frass and voided mat- 
ter usually are present in the cells, the minute, 
tell-tale mandibles are quite difficult to find. No 
examination of the vials was made between July 
2 and July 22, 1957. On the latter date each 
cell was found to contain one or two exuviae. 

One lot of larvae, collected in orchards in 
August 1955, was under observation for 3 years 
(table 3). Another series of larvae, which 
hatched in June 1956, was observed for 2 years 
(table 2). A third lot, started in the summer of 
1957, was carried to maturity during 1958 
(table 1). 


INDUCED HIBERNATION 


In their 1958 paper on Agulla bractea the 
writers noted that the laboratory-reared larvae 
failed to pupate, and surmised that a period of 
complete dormancy is necessary to condition the 
larvae for pupation. To test this theory, the 
entire stock of A. astuta larvae was transferred 
to specially devised cages, with fine wire-mesh 
screen above and with leaf compost, soil, and sand 
provided in the lower portion to simulate orchard 
conditions. This was done in October 1957, when 
larvae in the orchards were entering dormancy, 
and the cages were left out of doors all winter, 
completely exposed to all prevailing climatic 
conditions. 

By the end of April 1958 all the individuals 
that survived the winter in the outdoor cells had 
emerged, either as crawling pupae or as adults. 


Thus the life cycle of the three different chrono- 
logical groups of snakeflies was completed, re- 
quiring 3 years, 2 years, and 1 year, respectively. 


NORMAL 1-YEAR LIFE SPAN 


The normal seasonal history of Agulla astuta in 
Southern California orchards is as follows. Eggs 
are deposited in late April to early May, and 
hatch during May and early June. Larvae are 
active from mid-May until late summer, then 
become progressively less active until October 
when, usually, dormancy has begun. Winter is 
passed in the mature larval stage. Pupation 
takes place in April, and adults emerge in late 
April and early May. 

Table 1 presents life-history data on the snake- 
flies that were reared from eggs to adults during 
1957-58. Larval development took place in vials 
in the laboratory from May to October 1957. 
This was followed by a normal, out-of-doors, 
winter dormancy of 6 to 7 months. Of the 16 
larvae, which were alive in October, 7 survived 
the winter and emerged as adults at the end of 
April 1958. 


SNAKEFLIES WITH A 2-YEAR LIFE PERIOD 
The insects listed in table 2 were hatched from 
eggs during June 1956. They remained in the 


EXPLANATION OF PLATE I 


Dorsal view of mature larva. Fic. 2.—Dor- 
sal view of l-day-old larva. Fic. 3.—Tip of tarsus of 
mature larva. Fic. 4.—Six abdominal segments of 
mature larva, showing typical dorsal patterns. Fic. 5.— 
Ventral view of maxillary palpus, maxillary galea, and 
other head appendages of first instar larva. Fic. 6. 
Antenna of a very early larval instar, dorsal view. 


Fic. 1. 
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Table 2.—Posthatching stages of 2-year generation of A gulla astuta (Banks)* (1956-58) 


| 
Date Date successive molts were first detected 
| hatched | | | | | | 
1956 =| Ist 2nd =| 3rd | 6th 9th | 10th | 
11-25 
| 12-25 
12-14 | 

| 10- 3 

10- 3 

| 10- 3 
| 10-30 | 
9-23 | 


12th 


13th 
12-14 

8- 6° 

9-10° 

11-25 

10-30 


8-27 | 10- 3 | 
19-3] 9-20 
| 9-16 | 10-16 
1s 1! 817 
18-1] 8-10 | 

s 1] 93] 

8-23 | 9-11 | 
18-1] 810 


6-18 | 6-25 | ?> 
June 17 | 6-18 | 6-25 
June 17 | 6-18 | ?> 
June 6 | 6 7 | 6-11 
June 6 | 6- 7 | 6-11 
June 6 | 6-7 | 6-11 

7 

7 


June 17 


1 


9-26¢ 
7-30° 
| 3-30° 


39-17 
31-B 
31-C 
31-D 
31-E 
31-G 


| 9-10° 
3-30° 


12- 1 


June 6 | 6- 7 | 6-11 
11-25 


| June 6 | 6- | 6-11 


Nass 


9-26¢ 


*All eight hibernating larvae were held together in one container outdoors from October 1957 to April 1958. 


The two survivors issued as adults on April 30, 1958. 
bNo exuviae seen, but the condition of the larva indicated that a molt had occurred. 
‘These molts occurred in 1957, i.e., in the insect’s second season. 


on September 10, 1955, and placed in individual 
rearing vials where they were fed with eggs and 
crawlers of the black scale. They were main- 
tained under these conditions, though with 
gradually increasing mortality, until October 
1957, when only four larvae were still alive. 
They were then transferred to outdoor exposure 
in a special cage. Table 3 summarizes the data 
on these four individuals, two of which survived 
to emerge as adults on May 1, 1958. 


original glass vials through two seasons of larval 
development, until early in October 1957. These 
larvae ceased feeding and became inactive during 
the late summer and early winter of 1956. In 
late April and May 1957, when adults of A. 
astula were emerging in the orchards, the vial- 
contained laboratory insects were still inactive 
larvae. They became active about 1 month 
later, in late May and June of their second vear, 
and were fed with scale eggs until the normal 


Table 3.—Four individuals of A gulla astuta with a 3-year 
life span (collected in orchard August 23, 1955) 


PROLONGING THE LIFE CYCLE OF THE SNAKEFLY 


The results show that the number of molts and 
al i instars, between hatching of the egg and final 
maturity of the larva can be increased beyond 

i 2 what is normal by modifying the environment. 
1957 | 1958 The modifications here consisted of holding the 
larvae under room temperature and denying them 
exposure to the outdoor winter conditions found 
in southern California, and in restricting their 
diet to the eggs and crawlers of the black scale 
so that they had no choice of food such as might 
be found in nature in the orchards. 

Under these conditions the larvae become 
semidormant during the winter, and fail to 
transform at the normal time for pupation in 
the following spring. Instead, they become 
active again as larvae and resume developmental 
progress, molting far less frequently, however, 
than during their first year. This phenomenon 


Lot 
No. 


| 1955* 


| 1956 | 


12 | Two insects 
14 molted to pupae. 
20 Two females 

25 | issued on May 1. 
Averages 


*After August 23. 
+The data cannot be referred to individual insects, 
as all four were together in a common cell. 


time for dormancy in the fall, when they became 
inactive once more. Early in October 1957 these 
11-year-old larvae were placed outdoors in spe- 
cial cages, with other lots of larvae. Two adults, 
the only survivors of this lot, emerged during 
the last week of April 1958. Their emergence 
paralleled chronologically the maturing of the 
snakeflies in other lots similarly treated, and of 
those in the orchards. However, these individuals 
had required two complete developmental sea- 
sons to mature. 


EXPLANATION OF PLATE II 


Fic. 7.—Left mesothoracic spiracle, with connecting 
tracheae. Fic. 8.—Dorsal view of anterior portion of 
larval head, showing appendages, eyes, and ocelli. 
Fic. 9.—Maxillary palpus and maxillary galea of young 
larva.. Fic. 10.—Apical portion of larval mandible. 
Fic. 11.—Mid portion of media trachea of pupal wing 


SNAKEFLIES WITH A 3-YEAR LIFE PERIOD 
In August 1955 numerous larvae of Agulla 
astuta were collected in orange orchards. Twenty- 
five of the larger larvae were selected from these, 


pad, showing details of branching and embryonic nerves. 
Fic. 12.—Tracheal venation of pupal wing pad at rather 
advanced stage of development, with crossveins be- 
ginning to appear. Fic. 13.—Tracheal venation of wing 
pad of very early pupa. 
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may be induced again the following winter, with 
even greater reduction in the number of molts 
during the third summer. 

Larvae of the normal 1-year generation molt 
10 or 11 times (table 1) before reaching maturity. 
Individuals induced by abnormal conditions to 
continue through 3 years as larvae may undergo 
two to four additional molts in their second year, 
and one or two more during the third year (table 
3). The maximum number of molts observed 
for 2-vear larvae was 14, and for 3-year larvae a 
total of 15 or 16 molts seems probable. The 
exact number of molts experienced by the 3-year 
individuals is uncertain, however, as they doubt- 
less had molted several times before they were 
collected in 1955. 

Table 4.—Egg production in 28 
days by females in cages with 
males* 


Female Number of eggs 
No. | deposited 

147 
92 
248 
160 
5 269 
Average 183 


*All adults died prematurely. 


Even when the life span as larvae had reached 
2'% years, pupation and maturity were induced 
by exposing the larvae to outdoor conditions for 
the full duration of the winter. During the same 
time span three successive generations were 
observed developing in the field. 


LIFE HISTORY 


Oviposition.—A pre-oviposition period of about 
a week follows emergence of the adult female. 
The preferred places to deposit eggs are split or 
porous plant tissues in which the ovipositor can 
be inserted deeply. Thick eucalyptus bark (fig. 
33) was found to be highly acceptable. Eggs 
were found also within old, empty or loosened 
black scale shells (fig. 28). These shells are 
much more commonly selected by A gulla astuta 
than by A. bractea females. 

As the female walks over the plant surface, the 
tip of the ovipositor (fig. 17) is continually used 
to probe for a desirable spot. When this is 
found, the ovipositor is directed straight down- 
ward, after the fashion of a hymenopterous 
parasite ovipositing in its host. After each egg 
has been deposited the ovipositor is withdrawn 
slightly, then again inserted fully for the next 
egg. In one batch of newly laid eggs that was 
examined, the 40 eggs were placed in an approxi- 
mately parallel arrangement; they were not stuck 
together and could be separated easily. Eggs 
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usually are deposited in bunches of 50 or less, but 
the maximum number observed was 71. 

Five females paired with males produced 916 
eggs in 28 days (table 4), an average of 183 per 
female (maximum 269; minimum 92). As all of 
these females died prematurely, the normal egg 
production probably is somewhat greater than 
these figures indicate. 


Table 5.—Incubation ey 


Incubation 
period (days) 


Number 


of eggs deposited hz itched 


Bay 9 | 11 
May 9 | 11-12 
May 10 | 11 
May 13 | 10-12 
May 13 10-12 

50 | May 1-3] May 13 10-12 

80 | May 4; Mav 14 | 10 
Average | 11 


| Apr. 28 | 
49 Apr. 27-28 | 
21 | Apr. 29 
75 | May 1- 3} 
47 | May 1- 3 | 


The egg-of Agulla astuta resembles that of A. 
bractea, being banana shaped and pale lemon 
yellow in color, but prior to hatching its color 
becomes cloudy. When incubated eggs are 
cleared in chloral hydrate, certain embryonic 
structures are revealed in outline. These include 
the mandibles, the legs, the abdominal segmenta- 
tion, and certain setae (fig. 16). The micropyle 
is prominent. The embryonic mandibles are 
directed caudad. A series of eggs averaged 1.46 
mm. in length. 

Incubation.—Table 5 shows the incubation 
periods for seven batches totalling 363 eggs. The 
percentage of eggs that hatched was not actually 
preg gee but it was noticeably greater than 
with A. bractea 


THE LARVA 


First instar.—Emergence from the egg is rather 
rapid, and involves a series of contortions and 
tumblings. At this stage the larvae are awkward 
and quite helpless. The viscidity of the body 
impedes locomotion, and they congregate in tight 
groups in dark locations. The nascent larva 
(fig. 2) is pale lemon yellow in color, with a very 
weak beginning of pigmentation ee 
dorsally on all segments. The eyes appear as 
simple, reddish blotches. The antennae are 
short, stubby, and four-segmented, but the first 
segment is only vaguely demarked in this instar. 


EXPLANATION OF PLATE III 

Fic. 14.—The five tarsal segments of adult. Fic. 
15.—Head of adult, dorsal view. Fic. 16.—Egg in 
advanced stage of incubation. Fic. 17.—Tip of oviposi- 
tor (one member of the pair). Fic. 18.—Third and 
fourth segments of tarsus, with portions of second and 
fifth. Fic. 19.—Basal antennal segments of adult, 
dorsal view. 
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The legs also are short and stubby; the unseg- 
mented tarsus bears distally a pair of claws and 
a pair of clavate organs.‘ The mesothorax is 
about five-ninths as wide as the fourth abdominal 
segment. The last five abdominal segments 
taper caudad. The caudal tip of the last ab- 
dominal segment (ambulatory rosette) possesses 
a considerable anchorage potential, which aids in 
locomotion. The spiracles of the thoracic seg- 
ments are prominent and located intersegmentally 
(fig. 7); the spiracles on abdominal segments 1 to 
9, inclusive, are inconspicuous and _ situated 
anterolaterally. First-instar larvae measure 1.5 
to 1.7 (average 1.55) mm. in length, and 0.25 to 
0.30 (average 0.28) mm. in greatest width. No 
actual food is eaten during the first instar, and 
no substantial increase in size occurs. Usually 
this stage is completed in 18 to 24 hours, rarely as 
much as 36 hours. The duration of the various 
stadia, from 1 to 11, is set forth in table 6. 


Table 6.—Duration (in days) of larval 
stadia 1 to 11 of Agulla astuta, 
computed from data in 
tables 1 and 2 


Weighted 
average 
1.25 
4.46 
14.9 
12.7 
12.3 
20.1» 
21.2» 
20.4 
28 .2 
59. 9* 
198 .4* 


Instar Range 
| 0.75-1.5 
| 3.5-0.5 


—_ 


12- 20 
4— 23 
9- 18 
9- 37 
9- 37 
8- 66 
14— 42 
21-189 
190-205 


2 
3 
4 
5 


C1 


|——— a 


“Computed from data in table 1 only 
bComputed from data in table 2 only. 


Second instar—The second-instar larva re- 
sembles the first instar in size, shape, and color. 
The antennae and legs have become somewhat 
more extended, and the mandibles have enlarged 
and strengthened. The eyes darken late in this 
instar. This is an active stage; the larvae eat 
holes in cork and other materials as if in search 
of food and/or sheltering sites, and often they 
devour their cast skins. This stage requires 
31% to 5 days for completion. 

Third to sixth instar._—The third instar experi- 
ences the first material increase in size. The 
pigmentation is slightly deeper in color; the setae 
are more prominent. In the fourth-instar larva 
the prothorax has lengthened and darkened, and 
the eyes are black. The color pattern begins to 
take form in the fifth instar, with linear stripes on 
the thorax and a faint beginning of the ‘‘W”’ 
design on the abdominal segments. At this stage 


‘These organs occur also in A. bractea, but were over- 
looked when the authors published on that species. 
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the larvae have become nongregarious. In the 
sixth instar the coloration has become darker; 
the head and thorax are chocolate-brown, and 
the characteristic ‘“‘W”’ is now very distinct 
dorsally on the first eight or nine segments. 
The cleavage sutures are visible on the head and 
prothorax. 


Table 7.—Duration of the pupal stage (1958) 





Date adult 
emerged 


Days in 


Date pupation 
pupal stage 


started 
March 28 
March 29 
March 30 
April 1 
April 3 
April 3 
April 5 
April 6 
April 6 


April 14 17 
April 14 16 
April 20 21 
April 20 19 
April 23 20 
April 23 20 
April 26 21 
April 25 
April 26 20 


Average 19.2 











Later instars —No radica: changes occur in the 
appearance of the instars after the sixth, except 
for the continued increase in size. A band of 
yellowish color has developed along the sides of 
the pterothorax. The head is mostly blackish 
garnet in color; the eye spots are black. The 
prothorax is deep chestnut color, with no distinct 
pattern; both the meso- and the metathorax have 
dark lateral margins and dark submedian bars 
(fig. 1). All abdominal segments are generally 
alike in their dorsal color pattern (figs. 1, 4), 
which includes bars, patches, and disconnected 
designs, and a figure resembling a butterfly or a 
‘“‘W”’ always occupies the middle of each segment 
from 1 to 9. 

The lengths of the successive larval instars, 
measured in the rearing studies, are as follows: 
First instar 1.55 mm., second instar 1.60 mm., 
third instar 2.15-2.75 mm., fourth instar 3.0 
4.5 mm., fifth instar 4.5-6.0 mm., sixth instar 
6.0-9.0 mm., seventh instar 8.5-10.0 mm., eighth 
instar 10.0-13.0 mm., ninth instar 11.0—-15.0 mm., 
tenth instar 14.0—-16.0 mm. Larvae that continued 
living into their second developmental year had 
the following measurements: Eleventh instar 
14.5-18.0 mm., twelfth instar 16.0-18.0 mm., 
thirteenth instar 16.0-18.0 mm. 

Larval Characteristics.—The life traits of A gulla 
astuta larvae resemble in many respects those of 


EXPLANATION OF PLATE IV 


Fic. 20. — Walls harpagones (hrp) of male genital 
chamber (gc), spread to reveal parameres (pa), gona- 
pophyses (go), penis (pe), genital aperture (ga), and 
posterior fang (pf) of harpagone. Fic. 21.—Sample 
pattern of barbs on surface of parameres. Fic. 22.— 
One of the spurs on the gonapophyses. Fic. 23.—The 
parameres. FiG. 24.—Caudal portion of a paramere, 
showing internal muscle tissue. 
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A. bractea described in the authors’ 1958 paper. 
With their strong, stubby legs, stout mandibles, 
tough integument, and ability to move swiftly 
forward or backward, they are able to survive 
combat with powerful antagonists, and often 
survive injury that would kill many other insects. 
They live indefinitely without free moisture. 
They bore into various materials, including cer- 
tain woods, especially when seeking protection 
for hibernation. Larvae of A. astuta, like those 
of A. bractea, have survived insecticide applica- 
tions that killed other insects. 

Larvae first appear in the field each year during 
May, sometimes under empty black scale shells. 
At this time they may find eggs and crawlers of 
this scale, and aphids, all of which are suitable 
foods. Normally, the larvae are mature by 
October and seek suitable locations for hiberna- 
tion. They may hibernate within curled, dry 
leaves, in mats of fallen leaves on the ground, in 
trash accumulations in tree crotches, and within 
dry, porous wood. Sometimes they are found 
encased in dirt cells. Heavy winter rainfall 
seems to be a factor in reducing larval populations. 

Larval growth and development appear to be 
somewhat faster in the field than under laboratory 
conditions. Larvae become nearly full grown in 
the field by mid-September, but those reared in 
the laboratory may continue to be active into 
December. The faster development of larvae in 
the orchards may be due to a greater variety of 
food available there. When field larvae have 
entered winter dormancy, considerable irritation 
is needed to arouse them to movement. Larvae 
reared under room temperatures also become 
inactive during the winter, but they are easily 
aroused and sometimes will eat when proffered 
food. 


THE PREPUPA 


Larvae in the field enter the prepupal stage at 
the conclusion of the hibernating period, which 
usually occurs in March. The prepupa (fig. 29) 
differs little in appearance from the mature 
larva, except that its body lies in a curved posture 
with the tip of the head almost touching the 
abdominal venter. The prepupa remains prac- 
tically motionless throughout this stage, and the 
body undergoes a slight amount of shriveling. 
The duration of the prepupal stage varies, but is 
usually between 7 and 12 days. 

Ecdysis of the prepupa, involving certain su- 
tures and sclerites of the head and prothorax 
especially, does not differ noticeably in Agulla 
astuta from the process described by the writers 
(1958) for A. bractea. It is usually accomplished 
by the present species in 15 to 30 minutes. 


THE PUPA 
Under the usual orchard conditions pupation 
begins in late March and continues through 
April. The transformation to pupa takes place 
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wherever the mature larva finds seclusion. Thus 
pupae are found in curled leaves, in porous wood, 
under matted leaves on the ground, etc. The 
duration of the pupal stage averaged 19.2 days 
in rearing tests (table 7). 

The head, prothorax, wing pads, and legs of the 
newly emerged pupa (fig. 32) are very pale in 
color at first, though the abdomen at this time 
exhibits a rather complex pattern of variegated 
colors. The eyes are pinkish. As the pupa 
approaches the molt its coloration deepens; the 
head, thorax, and wing pads acquire a pale sooty 
color; contrasting stripes and blotches of brown, 
cream, and other colors cover the abdomen. 


ACTIVE PUPA 

Shortly before molting to the adult the legs, 
previously folded closely against the body, are 
extended and the head is thrust forward. Except 
for the lack of wings, this final pupal stage (fig. 
26) now resembles the imago. In this stage the 
insect crawls about, presumably seeking a suit- 
able spot for the final ecdysis to occur. 


THE ADULT 


Adults of Agulla astuta usually begin to appear 
in the orchards about the middle of April, and 
emergence is largely completed by the first of 
May. The smaller orange trees have developed 
much young, tender foliage by late April, con- 
ducive to aphid populations which evidently are 
attractive to the adult snakeflies. These latter 
are not loath to expose themselves to full sunlight 
on this outside foliage; they are not easily dis- 
turbed, and move about with no great timidity. 
As the aphids become scarce, the adult raphidians 
tend to seek their prey in the inner parts of the 
trees. 

The two sexes appear to be approximately equal 
in numbers. The males are the smaller, ranging 
from 13.5 to 15.0 mm., females from 14.5 to 17.0 
mm. in length from tip of head to tip of wings. 
The life span of A. astuta adults in the field seems 
to be not much over 2 months; they are most 
numerous during May, and largely disappear by 
late June. Egg production is highest during the 
first 3 weeks, but may continue throughout adult 
life. 

Mating.—Despite the large number of adults 
under observation during the rearing activities, 
actual copulation was never observed. Once, 
when capturing adults on their first seasonal 


EXPLANATION OF PLATE V 


Fic. 25.—Adult male, dorsal view. FiG. 26.—Active 
pupa (female), dorsal view. Fic. 27.—Adult female, 
dorsal view. FiG. 28.—Eggs deposited within shell of 
black scale. Fic. 29.—Prepupa. Fic. 30.—Mature 
larva, dorsal view. Fic. 31.—Caudal portion of male 
abdomen, lateral view. Fic. 32.—Pupa, lateral view. 
Fic. 33.—Eggs deposited on bark of eucalyptus. 
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appearance on aphid-infested trees, the trap was 
seen to contain a male and a female, evidently 
separated while in coitu. The tip of the female’s 
abdomen remained in an erectile condition for 
some time. 

Adult behavior.—As with A. bractea, the adults 
of A. astula are seldom seen in flight. Their 
movement about the trees is limited chiefly to 
crawling or to very short flights. An adult, 
when disturbed, usually moves to the nearest twig, 
much after the fashion of a lacewing. 

Adult snakeflies appear to live together rather 
peacefully under field conditions, but when con- 
fined together in containers they are extremely 
antisocial. In one instance, when four females 
were placed in a large jar with a male, all the 
females perished in a short time and the surviving 
male was largely devoid of legs and antennae. 
In another case, the placing of a recently emerged 
male in a jar with a peaceful male and female led 
quickly to a battle in which the new male was 
promptly mutilated by the resident male. 

Food habits —As stated previously, A. astuta 
larvae were reared on eggs and larvae of the black 
scale, with adult scale bodies included in their 
food at times. The eggs appear to be especially 
acceptable. The fluid exuded from various 
crushed insects remains attractive until it be- 
comes encrusted. When proper food is scarce, 
larvae sometimes chew bark, soft wood, cork, or 
mature scales. In addition to black scale eggs 
and crawlers, adult snakeflies readily devour such 
small forms as aphids and spider mites, and 
larger insects that have been crushed. 

When the larvae are approached by insects, 
large or small, they react by opening their jaws 
and recoiling, as if fearful. Adults, on the con- 
trary, are not timid under these circumstances. 
Fine fibers of any kinds, such as spider or spider- 
mite webbing, or that of the woolly aphid, tend 
to foul the snakefly’s mandibles if long contacted. 


MORPHOLOGY 
The Adult 

A measured series of adult males averaged 14.2 
mm., of females 15.7 mm. in length. The normal 
posture of Agulla astuia resembles that of A. 
bractea. 

The Head.—Normally the head is extended in 
a nearly horizontal position. It is elongate in 
profile, with prognathous jaws. Viewed from 
above it is rather sagittate, narrowing caudad. 
Its length averages 2.5 mm.; its color is brown 
or blackish; it is nearly devoid of sutures. The 
upper surface often has a faint color pattern 
(fig. 27). The mandibles are stout, and usually 
three-toothed. The eyes are large, round, and 
placed laterally below and behind the bases of 
the antennae. The antennae are filiform, with 
from 30 to 40 segments; the first segment is dark 
except for a small distal ring, the second is mostly 
pale, becoming dusky distally, and the following 
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segments are pale (fig. 19). The head (fig. 15), 
especially dorsally, bears many setae of varying 
lengths. 

The Thorax.—The prothorax is tubular and 
about as long as the head. The pronotum is 
saddle like, 2.4 mm. long, extending down over 
the pleural regions with the ventral margins 
entirely free; its dorsum is dark posteriorly, pale 
anteriorly. The fore legs are borne ventro- 
caudally. The segments of the pterothorax are 
loosely connected, similar in structure, deep and 
ringlike. The femora and tibiae are long and 
tubular; the tarsi (figs. 14 and 18) are five- 
segmented, the third segment strongly bilobed, 
the fourth greatly reduced, and the fifth with a 
terminal pair of claws. 

The wings.—Both pairs of wings are mem- 
branous and are relatively similar. The fore wing 
(fig. 34) is about 9.5 mm. long by 3.0 mm. wide, 
the hind wing (fig. 35) about 8.5 mm. long by 
2.5mm. wide. The wings of males average about 
0.2 mm. shorter than those of females. The 
pterostigma is about 1.4 mm. long by 0.3 mm. 
wide, or about 4) times as long as wide. There 
are three thyridia on both the fore and the hind 
wings. 

Banks (1922), Carpenter (1936), and others 
have stated that the venational characters of 
snakeflies are very variable, and sometimes differ 
even in the corresponding wings of the same 
individual. Our studies of a large series of wings 
of Agulla bractea and A. astuta support this view- 
point. Regardless of variations within a species, 
however, some venational patterns appear to 
possess sufficient stability to have justified the 
use of venation, in part, by most writers on the 
raphidians for generic and specific distinctions. 

Comstock (1918) presented a terminology for 
the wing veins of Agulla (Rhaphidia) adnixa 
Hagan. His conclusions regarding the homol- 
ogies of the veins of the family Raphidiidae were 
based solely on the study of adults, and this has 
been the case with all other writers on this group. 

Carpenter (1936), accepting the views of 
Martynov (1928) which had been developed 
largelv from a study of fossils, departed from the 
concept adopted by Comstock, especially as 
regards one vein. This is a short vein (see fig. 
35, r-m) connecting the proximal part of the 
Radial Sector with the Media, below it, and 
standing approximately at right angles to the 
connected veins. Comstock considered this to 
be a crossvein between Radius and Media. 
Carpenter regarded it as a branch of Media, 
calling it Anterior Media, and assumed that 
it fuses for a short distance with Radius and then 
separates from it again. Such a recasting of the 
radial and medial systems opened a vexing prob- 
lem of homologies of the branches of these two 
veins. 

The present writers have attempted to clarify 
this problem by a study of the pupal wing pads 
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Fic. 34.—Fore wing of adult, with veins identified. 


PLATE VI 


Fic. 35.—Hind wing of 


adult, with certain veins identified. 


of Agulla astuta, of which they have had abundant 


material in various stages of maturity. Com- 
stock pointed out that the identity of adult wing 
veins can be determined more surely by com- 
parative study of the pupal tracheae which 
precede them, than by study of the adult wings 
only. The wing pads of pupae are broad basally, 
and the tracheae are not crowded in the early 
stages of their development. Coalescence of 
certain veins may occur in the base of the adult 
wing, but in the immature pupal wing the tracheae 
that precede these veins are distinctly separated 
from the point of basal origin to their distal 
extremities. 

Figure 13 shows the tracheation of an early- 
stage pupal wing of Agulla astula. The lettering 
on the figure indicates the homologies of the wing 
veins. The following observations result from our 
comparative study of the tracheation of the pupal 
wing pads and the venation of the adult wings: 


The longitudinal tracheae of the pupa match the 
corresponding veins of the adult wing. 

Marginal accessory tracheae are quite general in the 
pupal wing. 

The radial sector of the pupa shows the beginning of 
development of the pectinately branched type of 
venation. 

The radial and medial systems of Agulla correspond 
with Comstock's concept referred to above, and the r-m 
crossvein between Radius and Media is established as a 
true crossvein. 

Tracheal enlargement and crowding develops with 
maturity, and is accompanied by basal coalescence 
involving Subcosta, Radius, and Media. 

Anastomosing occurs, as of Cu-l with the Median 
Sector for a short distance in the forewing, and a partial 
fusion of Cu-2 and A-1 in the hind wing. 

The appearance of crossveins accompanies tracheal 
growth and maturity. 

The location of veins becomes discernible in develop- 
ing pupae in the form of lines of setae, at first colorless 
but later black, which appear along the surface of the 
developing tracheae. 
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Th hdomen.—-The abdomen is roughly tubular 
in shave, with the last four segments tapering 
caudad, and is distinctly shorter than the wings. 
The length of the ovipositor approximates that of 
the body caudad of the mesothorax. Ferris and 
Pennebaker (1939) considered the ovipositor as 
consisting chiefly of the paired gonapophyses, and 
pictured the apices of the latter ending each in 
an inflated, ovate organ supplied with numerous 
hairs, presumably sensory. The ovipositor of A. 
astuta possesses a similar pair of organs (fig. 17). 

The dorsal coloration of the abdomen is dark 
(fig. 27), and the ““W” or “butterfly” figure, so 
distinct on the abdominal segments of the larva, 
is carried over less conspicuously to the adult. 
The dorsal pattern on the abdomen varies between 
segments, and to some extent between the two 
sides of the same segment. The sternites are 
dark brown or black, with yellow posterior 
margins (fig. 31). The harpagones are mostly 
yellow, shading to brown anteriorly. The dark 
abdominal color pattern of A. astuta distinguishes 
it readily from the lighter-colored A. bractea. 

Male Genital Chamber.—The genital chamber 
of the male of A. bractea, contained in the last 
abdominal segment, was discussed briefly in the 
earlier (1958) paper by the authors. In the case 
of A. astuta, more attention has been given to 
the several structures contained in this chamber. 
Figure 20 shows the main enveloping structure 
(hrp), called harpagones by Carpenter and 
coxopodite by Ferris, open and spread apart 
to reveal the organs contained within. An 
axial structure, consisting of what at first appears 
to be two closely appressed ridges, extends from 
near the posterior genital opening forward to the 
anterior margin of the harpagones, where each 
element curves outward and backward. Upon 
critical study, these ridges are found to be con- 
nected with muscle tissue. These structures 
jointly are called the aedeagus by Carpenter, the 
gonapophyses (go) by Ferris. Muscle tissue con- 
nects the penis (pe) with the gonapophyses. The 
paired organs (pa) called parameres by Carpenter, 
fragmentus of coxopodite by Ferris, lie one each 
side of the gonapophyses. When relaxed, the 
parameres lie oblique to each other, with the 
anterior end of each close to the axis of the 
gonapophyses, and the caudal ends diverging 
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from one another. This arrangement appears 
to be unique and serves, in part, to separate 
astuta from other species of A gulla. 

The parameres are elliptical to obovate, and 
resemble somewhat flattened discs. Carpenter 
described them as highly chitinized, but when 
cleared they are found to consist chiefly of muscle 
tissue (fig. 24), with fibers extending both trans- 
versely and longitudinally. The parameres are 
connected by muscle tissue with the gonapophyses 
and with the harpagones. They are subject to 
much movement, both as to their position in the 
genital chamber and as to their shape, curvature, 
etc. Each has two to four (usually two) spiny 
cross ridges on its ventral surface; the most 
prominent of these, at the anterior rim, often is 
in a clenched position. The area between the 
ridges is slightly depressed, forming a shallow 
basin. Most of the ventral surface of the para- 
mere is densely clothed with minute, dartlike 
barbs (fig. 21), each of which can be activated by 
muscle tissue attached basally. 

We believe the parameres to be erectile and to 
function as clasping organs during copulation, 
while the gonapophyses furnish anchorage and 
stability for the muscles which enable the para- 
meres to operate. 

The penis, as already noted, seems attached 
chiefly to the caudal portion of the gonapophyses. 
It is subject to marked changes in shape and size, 
from cylindrical to widely bulbous. A series of 
bradlike spines (fig. 22) occurs sparsely along each 
member of the gonapophyses. 
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ABSTRACT 


Twospecies of Pygostenini (Coleoptera, Staphylinidae, 
Subfamily Aleocharinae) are redescribed and illustrated. 
Both species (Pygostenus magnum Tottenham and 
Sympolemon rufobrunneus Tottenham) are also carefully 
compared with the other species in their respective 
genera. The lateral lobe of the male genitalia of 


The purpose of this paper is to redescribe two 
species of Pygostenini, descriptions of which have 
recently appeared in the literature (Tottenham 
1957). The generic status of all pygostenine 
species has recently been reviewed (Kistner 1958) 
and all of the species available for study prior to 
March 1957 have been redescribed and illustrated. 
Rev. Tottenham’s paper was in press when my 
paper went to press, so that the species herein 
redescribed could not have been included. One 
species (Pygostenus magnus Tottenham) is repre- 
sented by the first male recorded for the whole 
genus. Therefore, in addition to redescribing the 
two species to fit into the classification system 
presented by Kistner (1958), some comments 
about the structure and significance of the male 
genitalia of P. magnus will be made. 


METHODS 


The specimens were studied dry, except for the 


studies of the male genitalia. For these studies, 
the specimens were relaxed in Barber’s fluid for 
sufficient time (usually one day) for the abdomen 
to be removed. The abdomen is then placed in 
a cold, 10 percent aquaeus solution of potassium 
hydroxide. After clearing in this solvtion for 
about 1 day, the genitalia are easily removed 
together with the important ninth abdominal 
segment. All of the pieces that were placed in 
the potassium hydroxide are washed in water for 
a day or so, studied in alcohol, placed in a micro- 
vial with glycerin, and finally pinned directly 
under the specimen from which they came. To 
facilitate this processing, each specimen studied 
is given a number, which is associated with the 
dissected parts while away from the specimen. 
These study numbers are not cited in any papers, 
including this one, unless type material is in- 
volved. Care has to be exercised in placing 
glycerin and the specimen into the vials so that 
the glycerin does not come into contact with the 
cork. Should this happen, leakage is likely to 
ensue, consequently soaking the pins, labels, etc. 
with glycerin. Vials well stoppered, with no 
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Pygostenus magnum is illustrated and compared to 
similar structures in other genera. It is then concluded 
that the lateral lobe tends to strengthen the restricted 
concept of this genus as well as the phylogenetic position 
of that genus in relation to other related genera. 


cork in contact with the glycerin, and with the 
air pressure carefully equalized with a pin when 
placing the cork stoppers in the vials, will pre- 
serve their contents potentially forever because 
glycerin does not evaporate very easily. There 
are several advantages to this type of storage. 
(1) The specimens are easily studied with no 
resoftening necessary. (2) There is little or no 
danger of damage to the specimen, as it is com- 
pletely surrounded by glass. (3) The genitalia do 
not dry out with subsequent distortion caused by 
the surface tension of the water as it dries. The 
genitalia within the abdomen of a beetle un- 
doubtedly dry out as the specimen is. normally 
dried for storage, but this type of drying, when 
the genitalia are completely surrounded by 
muscle, inside and out, is quite different from 
the drying which occurs when the genitalia are 
glued onto a card. Some workers follow the 
practise of studying uncleared male genitalia and 
female spermathecae. The danger of removing 
uncleared genitalia from the abdomen is quite 
great, but in addition distortion nearly always 
occurs, at least in the Pygostenini. 

Measurements and illustrations of the species 
described below were made as defined by Kistner 
(1958). The descriptions given below involve 
species characters only as the genera have already 
been treated earlier (loc. cit.), with the exception 
of some discussion of the genus Pygostenus 
Kraatz. 

The author takes pleasure in thanking Mr. P. 
Basilewsky, Curator and Chief of the Section of 
Entomology, Musée Royal du Congo Belge, 
Tervuren, and Rev. C. E. Tottenham, University 
Museum of Zoology, Cambridge, for the loan of 
the specimens which formed the basis for this 
study. 


Sympolemon rufobrunneus Tottenham 
Figure B 
Ann. Mus. 


Sympolemon rufobrunneus Tottenham, 1957 
Congo Tervuren in 8°, Zool. 58: 82-83, 75. 
Color reddish brown throughout; dense yellow 

setae on the abdomen give the abdomen a 

superficially lighter appearance. Dorsal surface 
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of head and pronotum punctate, with the punc- 
tures in rows following the contours of the sculp- 
ture (fig. B). Lateral borders of the pronotum 
evenly rounded, shaped as in fig. B. Dorsal 
surface of elytra smooth and shiny, with punc- 
tures not as deep as on the surface of head, and 
pronotum, not following the contours of the 
elytra, but rather scattered evenly over the entire 
surface. Elytra with a shallow groove on the 
anterior third (fig. B). No macrochaetae on 
abdominal tergites II-VIII. Spermatheca ex- 
tensively coiled, useless for determination as its 
coiling is well within the variabilitv known for 
the other species of the genus. Male unknown. 

Measurements.—Pronotum length, 0.54 mm.; 
elytra length, 0.76 mm.; eye length, 0.24 mm.; 
gula width, 0.20 mm.; interocular distance, 0.52 
mm.; head length, 0.59 mm. Number measured, 
one. 

The species can be distinguished readily from 
S. anommatis Wasmann, the only other known 
species of the genus, by the following characters: 
The pronotum is evenly rounded at the lateral 
border (fig. B) instead of being sinuate as in S. 
anommatis Wasm. (fig. A). The elytral grooves 
are shallow and do not extend as far posterior in 
S. rufobrunneus Tott. (fig. B) as they do in S. 
anommatis Wasm. (fig. A). Whereas the elytra 
have contoured puncturation at the lateral edges 
and the anterior third in S. anommatis Wasm. 


(fig. A), S. rufobrunneus Tott. lacks the contoured 


puncturation entirely (fig. B). S. rufobrunneus 
Tott. further lacks the dull, even, and close punc- 
tation characteristic of the medial and apical 
two-thirds of the elytra of S. anommatis Wasm. 
(compare figs. A and B). S. rufobrunneus Tott. 
is definitely smaller than S. anommatis Wasm., 
as stated by Tottenham (loc. cit.). This is true 
of the pronotum length, elytra length, and head 
length, where the measurements of S. rufo- 
brunneus Tott. are smaller than the smallest 
measurements observed in S. anommatis Wasm. 
However, the eve length, and gula width of the 
two species are approximately equal, while the 
interocular distance of S. rufobrunneus Tott. is 
larger than in S. anommatis Wasm. (see Kistner 
1958 for the measurements of S. anommatis 
Wasm.). 

Material Examined.—One female, No. 3137, 
Holotype, S. rufobrunneus Tottenham, det. C. E. 
Tottenham, Ruanda, Counterfort South of Ny- 
amateke, 2,200 m., 15 February 1953, collected 
by P. Basilewsky. In the collection of the Musée 
Royal du Congo Belge, Tervuren. 


Pygostenus magnus Tottenham 
Figures C, D 
Pygostenus magnus Tottenham, 1957, Ann. Mus. Congo 
Tervuren in 8°, Zool. 58: 81-82, 75 (in part; see com- 
ments below). 
Color dark reddish brown throughout; head 
somewhat darker than rest of body. Dorsal 
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surface of head, pronotum, and elytra finely 
shagreened. Macrochaetotaxy of abdominal seg- 
ment II-VIII: 0,0,0,0,0,0,0. Macrochaetotaxy 
of abdominal segment IX as follows: dorso- 
lateral plates, 9; median dorso-lateral part, 7; 
ventro-lateral part, 4; median lobe, 7. Median 
lobe of male genitalia shaped as in fig.C. Lateral 
lobe of male genitalia shaped as in fig. D (stippled 
parts represent membranous areas, while parts 
with diagonal lines represent areas of weak 
sclerotization). Female unknown. 

Measurements.—Pronotum length, 1.63 mm.; 
elytra length, 0.93 mm.; eve length, 0.33 mm.; 
gula width, 0.37 mm.; interocular distance, 0.91 
mm.; head length, 0.44 mm. Number measured, 
one. 

This species can be readily distinguished from 
Pygostenus wenzeli Kistner by the absence of 
macrochaetae on abdominal segments II—VIII as 
well as by the larger size of P. magnus Tottenham, 
which can be compared with the measurements 
for P. wenzeli Kistner given by Kistner (1958). 
The species is indistinguishable from P. micro- 
cerus Kraatz by external characters. It is true 
that there is one less macrochaeta on the dorso- 
lateral plates of abdominal segment IX in P. 
magnus Tott., but this is a character which is 
usually found to be variable by one or two 
chaetae when enough specimens are available for 
study. The measurements given here for P. 
magnus Tott. differ slightly from the measure- 
ments given for P. microcerus Kraatz by Kistner 
(1958) but are not outside the limits of variation 
expected if more specimens were available for 
study. The comments below explain why the 
name is retained here as valid. 

Material Examined.—One male, No. 3136, 
Holotype, Pygostenus magnus Tottenham, det. 
C. E. Tottenham, Ruanda, Counterfort south of 
Nyameteka, 2,200 m., 15 February 1953, col- 
lected by P. Basilewsky. In the collection of the 
Musée Royal du Congo Belge, Tervuren. 

Comments.—The entire genus Pygoslenus is 
known from four specimens. Three of the four 
are females, the above is the only male. The 
female paratype designated as P. magnus Tott. 
by C. E. Tottenham from the Gold Coast (Tafo, 
7 May 1940, under dead bark, collected by R. G. 
Donald) has been examined and found to be 
conspecific with P. microcerus Kraatz, also from 
the Gold Coast. In spite of the marked resem- 
blance between P. microcerus and P. magnus 
holotypes, the question of their synonymy cannot 
be resolved because both of the Gold Coast 
specimens are females whereas the Ruanda speci- 
men is a male. It will have to remain an open 
question until more specimens of both sexes from 
both the Gold Coast and Ruanda are available 
for study. The figure of the median lobe of the 
male genitalia is here provided with the hope 
that it will eventually facilitate the solution of 
this problem. 





Kistner: Some Little-Known Pygostenini 


EXPLANATION OF PLATE 
Fics. A~B.—Pronotum and elytra of Sympolemon spp. Fic. A.—Sympolemon anommatis Wasm. Fic. B.— 
Sympolemon rufobrunneus Tott. 


Fics. C-G.—Male genitalia of Pygostenini. Fics. C-D.—Pygostenus magnus Tott. Fic. E.—Mimocete 
torpilla Fauvel. Fic. F.—Typhloponemys gabonensis Fauvel. Fic. G.—Typhloponemys fauveli Wasm. 
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The lateral lobes of the male genitalia are 
usually quite conservative characters in the 
Pygostenini. All of the species belonging to the 
genus Mimocete Fauve! have a lateral lobe 
shaped as in fig. E (Mimocete torpilla Fauvel). 
Species belonging to the genus Typhloponemys 
Rey usually have a lateral lobe shaped as in fig. 
G (Typhloponemys fauveli Wasmann); however, 
one species group (the hirsulopudenda group) is 
irregular in that the lateral lobe is joined together 
more anteriorly and contains six enormous 
chaetae on its apex (fig. F, Typhloponemys 
gabonensis Fauvel). The shape of the lateral 
lobe is not necessarily diagnostic even at the 
generic level. For instance, the genera Delibius 
Fauvel, Xenidus Rey, Anommatophilus Wasmann 
and Deliodes Casey, all have lateral lobes shaped 
like the typical one for Typhloponemys. The 
genera Anommatoxenus Wasmann, Doryloxenus 
Wasmann, and Odontoxenus Kistner all have 
similarly shaped lateral lobes, which tend to look 
like those of Mimocete Fauvel. Even with the 
differences herein shown within Typhloponemys, 
it can readily be seen that the lateral lobe shown 
for Pygostenus (fig. D) differs from that of 
Typhloponemys to about the same extent as those 
of Typhloponemys and Mimocele are different. 
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This unusual lateral lobe of the male genitalia 
of Pygostenus tends to strengthen the conclusion 
of Kistner (1958, 1958a) restricting the name 
Pygostenus to P. microcerus Kraatz and P. 
wenzeli Kistner, and transferring the rest of the 
formerly included species to Typhloponemys Rey. 
The median lobe of the male genitalia, with its 
carinate and heavily sclerotized posterior end 
(see fig. C), tends to strengthen the phylogenetic 
position of Pygostenus as intermediate between 
Typhloponemys and a whole line of genera culmi- 
nating in Mimocete. Typhloponemys lacks this 
heavily sclerotized carina, while other genera be- 
tween Pygostenus and Mimocete possess it to at 
least to some degree. 
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THE CHIRONOMIDAE (=TENDIPEDIDAE: DIPTERA) OF ALABAMA 
WITH DESCRIPTIONS OF SIX NEW SPECIES'! 


S. DENDY? ano JAMES E. 


SUBLETTE? 


ABSTRACT 


The 50 species of midges reported from Alabama 
include Pentaneura (Ablabesmyia) aequifasciata, Cricotopus 
belkini, Nanocladius alternantherae, Tendipes (Crypto- 
chironomus) pectinatellae, 7. (C.) directus, Glyptotendipes 


A study of invertebrate animals available as 
food for fishes in experimental ponds at the 
Agriculture Experiment Station of the Alabama 
Polytechnic Institute, Auburn, Alabama, re- 
vealed the presence of an important chironomid 
fauna. A search of the literature showed very 


‘Partial cost of publication of this paper was met by 
Alabama Polytechnic Institute and Northwestern State 
College of Louisiana. A portion of the material pre- 
sented was collected during a research project sub- 
sidized by National Institutes of Health Grant RG4594 
for the study of the distribution of Chironomidae in 
relation to domestic sewage pollution. Accepted for 
publication April 27, 1959. 

*Agriculture Experiment Station of the 
Polytechnic Institute, Auburn. 

‘Department of Biological Sciences, 
State College of Louisiana, Natchitoches. 


Alabama 


Northwestern 


(Phytotendipes) meridionalis, and 26 other species not 
previously reported from the State. A key is given to 
the North American species of Pentaneura, and the im- 
mature stages of N. alternantherae and T. (C.) pectinatellae 
are described. 


few records of these insects from Alabama. This 
report presents collection data for midges found 
in Alabama, and descriptions of six new species. 

Unless otherwise indicated the material was 
collected by Dendy. For material deposited in 
collections other than the authors’ personal ones, 
the location of the repository is given in paren- 
theses after collection locality and date. For 
those species represented by single specimens only 
the material is in Dendy’s collection; in all other 
instances specimens are in both private collections. 

We should like to thank D. John N. Belkin of 
the University of California, Los Angeles, for the 
loan of some material from the Wilson Dam area. 
Paratypes of Pentaneura illinoensis (Malloch), 
P. mallochi (Walley) and P. peleensis (Walley) 
were examined by the junior author who wishes 
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to express his appreciation to Dr. H. H. Ross 
and Mrs. L. K. Gloyd, of the Illinois Natural 
History Survey, for the loan of the first species, 
and to Dr. J. R. Vockeroth, of the Department 
of Agriculture, Science Service, Entomology 
Division, Ottawa, for the last two. Thanks are 
also due Mary Smith Sublette for assistance in 
preparation of materials and some of the final 
illustrations. 


NOMENCLATURE 
The recent monographic series on African 


Modifications of Freeman’s (1955-1958) 
Nomenclature as Used in this Paper 


Pentaneura (A blabesmyia) 

Pentaneura (Pentaneura) 

Procladius (Procladius) and Procladius (Psilotanypus) 
Nanocladius* 

Tendipes (Tendipes) 

Tendipes (Dicrotendipes) 

Tendipes (Cryptochironomus) 


Tendipes (Endochironomus) 

Polypedilum (Polypedilum) 

Stictochironomus 

Micropsectra 

Tanytarsus (Cladotanytarsus) and Tanytarsus 
(Tanytarsus)* 


members of the genera Eukiefferiella, Microcricotopus, 
and Parakiefferiella. 

5Strict application of the rules of priority, as in using 
Coquillett’s 1910 type fixation for Tanytarsus (Townes 
1945), is certainly contrary to the aims of nomenclatorial 
stabilization, since such an application radically alters 


The following abbreviations are used in the 
text of this paper: 
W.L.—Wing length 
L.R.—Leg ratio 
A.R.—Antennal ratio 
Tai:Tae2,3;—Ratio of basitarsus to the next two 
tarsal segments combined 
D.M.—Dorsomedian 
D.L.—Dorsolateral 
P.A.—Prealar 


TANYPODINAE 
Pentaneura (P.) carnea (Fabricius) 

One male, three females, Camp Rucker, Ozark, 
Alabama, February 8-15, 1943, J. G. Franclemont 
(University of California, Los Angeles). 

These specimens agree with the description 
given by Johannsen (1946: 277-278). The basi- 
style of the male hypopygium has a diagonal fold 
that bears on its edge a row of moderately long 
bristles. 

Male—W.L. 2.81 mm.; A.R. 2.44; L.R. 0.75. 
Females—W.L. 2.7-3.22 mm., mean, 2.91 mm.; 
L.R. 0.75; (three specimens). 
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chironomids by Freeman (1955, 1956, 1957, 1958) 
necessitates several alterations in the names 
employed by Townes (1945) and Johannsen and 
Townes (1952). We are following Freeman’s 
nomenclature, except that we cannot agree with 
his use of the Meigen 1803 names, since the 
International Commission of Zoological Nomen- 
clature ruled that the 1800 names are to be given 
priority (Opinion 152). On what appear to be 
adequately substantiated grounds, the following 
name changes have been employed (as they apply 
to this paper) following Freeman: 


Names Used by Townes (1945) and 
Johannsen and Townes (1952) 


Pentaneura Group A (of Edwards) 
Pentaneura Groups B-F (of Edwards) 
Procladius 

Hydrobaenus (Eukiefferiella) 
Tendipes (Einfeldia) 

Tendipes (Limnochironomus) 
Cryptochirohomus; Harnischia 
(Harnischia) 

Tanytarsus (Endochironomus); Glyptotendipes (Demeijerea) 
Polypedilum (Polypedilum); Polypedilum (Tripodura) 
Tanytarsus (Stictochironomus) 

Calopsectra (Micropsectra) 

Calopsectra (Calopsectra) 


(Cladopelma); Harnischia 


the well-established names Tanytarsus and Phaenopsectra 
(=Lauterbornia). Freeman (in litt., and 1958) has pre- 
sented an application to the International Commission 
of Zoological Nomenclature asking suspension of Coquil- 
lett’s 1910 type fixation in favor of Edwards’ 1929 desig- 
nation. We are following Freeman and using Tanytarsus, 
ad interim, sensu Edwards (1929). 


Pentaneura (Ablabesmyia) aequifasciata, 
new species 
Male, Wilson Dam, Alabama, July 


Holotype: 
N. Belkin (U.S. National Museum 


13, 1942, J. 
No. 64690). 

Head.—Yellowish with conspicuous greyish 
pruinosity behind the eyes; palpi infuscate; 
pedicel of antenna light brown; flagellum brown- 
ish, the hairs light brown near flagellum becoming 
white distally; A.R. 2.25. 

Prothorax.—Infuscate yellow; with the usual 
group of lateral bristles. 

Mesothorax.—Ajimost uniformly brown, the 
irregularities in the color being produced by 
variation in the degree of greyish to greyish-green 
pruinescence. Prescutellar area slightly shining. 
D.M. bristles in a staggered single row anteriorly, 
becoming doubed about the middle of the meso- 
notum, dividing at the anterior margin of the 
prescutellar area and running posteriorly and 
laterally and terminating at the single row of 
D.L. bristles. Thus, lateral to the prescutellar 
area there is only the single row of D.L. bristles. 
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P.A. bristles about 15. At the anterior end of the 
D.L. row is a clump of “‘anterior-lateral’”’ bristles 
numbering 10 to 12. Mesopleura, sternum and 
postnotum concolorous with notum, less conspic- 
uously pruinose. Scutellum yellowish brown with 
many prominent bristles. 

Wing (fig. 1) with a milky appearance, less so 
than in P. illinoensis (Malloch). W.L. 2.26 mm. 

Legs.—Front femur with the basal one-third 
infuscate and with a narrow preapical brown 
band that is separated from the apex by a sub- 
equal whitish band. Fore tibia with three nar- 
row brown bands of equal width, the center one 
equidistant from the basal and apical ones. 
Basal brown band separated from the joint by a 
whitish band as wide as itself. Basitarsus with a 
brown band at the basal one-third and a second 
at the apex; Ta, with one apical brown band 
occupying one-third the length; Ta; with the 
apical one-half occupied by the brown band and 
Ta, and Ta; largely brownish. L.R. 0.85; Tai: 
Tao4s, 25:27. 

Abdomen.—Pale, translucent; segment 1 largely 
infuscate; segments 2-5 with a light brown fascia 
which occupies the basal half of the segment. 

Genitalia.—Figures 2 and 3. 

Allotype: Female, Wilson 
June 24, 1942, J. N. Belkin 
Museum). 

Similar to male except for sexual differences 
and a darker abdomen that appears only some- 
what vittate, since the dark band on the basal 
half of each segment is not strongly contrasting 
with the somewhat lighter apical half. W.L. 
2.04 mm.; L.R. 0.86; Ta;:Tae,3, 28:27. 

Other material.—Five paratypes, two males 
and three females, Wilson Dam, Alabama, June 
23 through July 13, 1942; J. N. Belkin (Univer- 
sity of California, Los Angeles), (Illinois Natural 
History Survey). Males—W.L. 2.37, 2.18 mm.; 
A.R. 2.00, 2.22; L.R. 0.86, 0.88; Ta;:Taess, 100: 
107, 100:108. Females—W.L. 2.18, 2.37 mm.; 
L.R. 0.73, 0.82; Ta;:Tae.3, 98:96, 78:74. 

Pentaneura aequifasciata, n. sp., may be sep- 
arated from other described North American 
members of Pentaneura (Ablabesmyia) by the 
following key. We are following the descriptions 
of Johannsen (1946) for cinctipes Joh., annulata 
(Say) and monilis (L.). The specimens con- 
sidered by Johannsen as varieties should most 
probably be treated as separate species and thus 
we are not including them here. The descrip- 
tions of Walley (1925, 1926, 1928) were followed 
for prudens (Walley), mallochi (Walley), peleensis 
(Walley), idei (Walley), and basalis (Walley). 
Two paratype specimens of P. illinoensis (Malloch) 
examined by the junior author proved to be of a 
mixed series. Malloch (1915) stated that illinoen- 
sis has milky wings. One of the paratypes (acc. 
no. 18799) has milky wings with clearly dis- 
cernible spots; the other (acc. no. 13972) has 


Dam, Alabama, 
(U. S. National 


Annals of the Entomological Society of America 


[Vol. 52 


brownish-purple wings (with transmitted light) 
with the spots only faintly discernible with 
oblique, direct illumination. Walley (1928) in 
plate XXXII, figure 2, illustrates a specimen that 
he believed conspecific with a paratype of illinoen- 
sis (cf. Walley 1928, p. 589). The wing pattern 
of the paratype (acc. no. 18799) just examined 
most closely resembles what Walley (1928) 
illustrates as prudens (Walley) in his figure 1. 
The possibility is thus presented that Walley’s 
figures 1 and 2 may have become transposed. 
For this reason, in the key that follows prudens 
and illinoensis are distinguished from each other 
on characteristics other than the wing pattern. 


1. Fore tibia with five bands... .cinctipes Johannsen 

BM Fore tibia with three bands........ 2 

2(1'). Median band of fore tibia near apical fourth 
annulata (Say) 

2'. Median band equidistant from basal and apical 
bands or nearly so... . 3 

Spot on wing membrane between M and ‘Cu; 
nearer to the wing apex than the spot just 
above in cell R4,s.. 4 

3°. Spot between M and Cu; below or nearer to the 
wing base than the one just above in cell Rays. 6 

Anal area of wing with four spots (cf. Johannsen 
1905, pl. 27, fig. 6); aedeagus long, more than 
twice the length of the constricted apex of 
dististyle; larger species, W.L. 2.5-3.5 mm. 

monilis (L.) 

Anal area of wing with three spots; aedeagus 
short, less than twice the length of the con- 
stricted apex of dististyle; smaller species, 
W.L. 2.04-3.5 mm. 

D.L. bristles in a staggered triple row immedi- 
ately anterior to scutellum; anteriolateral 
bristles about 20; blades of aedeagus slender, 
slightly sinuate; Ww. L. 2.52-2.85 

mallochi (Walley ) 

D.L. bristle in a single row immediately anterior 
to scutellum; anteriolateral bristles 10-12; 
blades slender, straight; W.L. 2.04-2.37.. 

aequifasciata, n. sp. 

Apical spots at tip of R4,; and M absent.... 

idei (Walley) 


3 (2'). 


4 (3). 


Apical spots present . 
Wing spots forming three irregular fasci: iae; 
basistyle with a large outward bulge at base 
basalis (Walley) 
Wing spots not forming tasciae; base of basistyle 
scarcely bulging 
Basal abdominal tergites brown, with the apical 
fourth of each greyish-white; median vittae, 
which are only slightly darker than the pale 
gray, pollinose ground color, separated by a 
rusty-reddish line; prescutal area bordered 
by and longitudinally divided by a line similar 
to that between median vittae 
prudens (W: alley ) 
Basal abdominal tergites either almost entirely 
white, or pale brown with apex of each yellow- 
ish-white; median vittae not divided and 
prescutal area not outlined by different color. 9 
Anal area with two distal distinct spots and a 
proximal faint one; prealar bristles 15-18 (20 
in female); basal abdominal segments almost 
entirely white... . .peleensis (Walley) 
Anal area with three distinct spots; prealar 
bristles about 12; basal segments each with 
light brown basal band and yellowish-white 
.illinoensis (Malloch) 


9 (8'). 
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Pentaneura (Ablabesmyia) spp. 

A female, Wilson Dam, Alabama, June 23, 
1942, J. N. Belkin (University of California, 
Los Angeles), collected along with P. aequifasciata, 
differs in color pattern and other features from the 
described North American species of Pentaneura 
(Ablabesmyia). In the absence of the male and 
additional female specimens, it is not described 
here. 

An additional female of still different charac- 
teristics, collected by L. Berner, Russell Co., 
Alabama, August 11, 1954, is not described for the 
same reasons. 


Fics. 1-3.—Pentaneura (A blabesmyia) aequifasciata n. sp. 
Fic. 1.—Wing of holotype male. 
Fic. 2.—Apex of dististyle of holotype. 
Fic. 3.—Aedeagus of holotype. 
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Pelopia punctipennis Meigen 

Five males, Auburn, Alabama, June 23, 1955; 
June 6 through 8, 1956. 

Our specimens agree well with the description 
given by Malloch (1915) and Goetghebuer (1936) 
except that they are somewhat paler and have 
only four distinct double spots in cell R;, whereas 
both Malloch and Goetghebuer show five spots. 

Male.—W.L. 2.37-2.7 mm., mean, 2.51 mm. 
(five specimens); A.R. 2.04-2.45, mean, 2.24 
(four spcimens); L.R. 0.9-1.06, mean, 0.98 (four 
specimens). 


Fics. 4-5.—Cricotopus belkini n. sp. 
Fic. 4.—Cercus of paratype female. 
Fic. 5.—Spermatheca of paratype female. 
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Procladius (Procladius) culiciformis (L.) 

One male, one female, Auburn, Alabama, April 
3, June 6, 1956. 

There is some question as to the identity of this 
species and P. choreus (Mg.). Edwards (1929) 
thought that P. culiciformis was probably a 
variety of P. choreus. Goetghebuer (1936) listed 
culiciformis as a probable synonym of choreus, 
although the reason for this is not clear as 
culiciformis is apparently the older name. Mor- 
risey (1950) says that culiciformis and choreus 
intergrade in color but have distinctive genitalia. 
Our female specimens have the pale choreus 
coloring, but the single male has the typical 
culiciformis dististyle of the hypopygium. 

Male.—W.L. 2.3 mm.; A.R. 2.17; L.R. 0.69. 
Female.—W.L. 2.6 mm.; L.R. 0.67. 


Coelotanypus concinnus (Coquillett) 

Two males, Wilson Dam, July 13, 1942, J. N. 
Belkin; three females, Auburn, Alabama, June 
30, 1955; June 19, July 9, 1956. 

Male.—W.L. 3.1-3.4 mm., mean 3.25 mm.; 
A.R. 3.5-4.18, mean 3.84; L.R. 0.67-0.77, 0.72 
(two specimens). Female.—W.L. 2.77-3.2 mm., 
mean, 2.92 mm.; L.R. 0.62-0.67, mean, 0.65 
(three specimens). 


ORTHOCLADIINAE 
Cricotopus trifasciatus (Panzer) 
One female, Auburn, Alabama, June 8, 1956; 
W.L. 2.0 mm.; L.R. 0.42. 


Cricotopus belkini, new species 

Holotype: Female, Wilson Dam, Alabama, 
June 24, 1942, J. N. Belkin (U. S. National 
Museum No. 64691). 

Head.—Infuscate yellow, including pedicel of 
antenna; flagellum dark brown; mouth parts 
dark brown. Eyes reniform; postocular bristles 
short, in a single row. A.R. 0.64. (This charac- 
teristic has not been used extensively in describing 
the female, but appears to hold some value, at 
least for certain orthocladine genera. ) 

Prothorax.—Yellow; somewhat broadened dor- 
sally, not emarginate. 

Mesothorax.—Infuscate yellow, shining; vittae, 
postnotum and sternopleuron shining, dark red- 
dish-brown. Central vittae fused, contiguous 
with lateral vittae. Scutellum paler brown than 
vittae and postnotum. Halteres yellowish-white, 
base slightly infuscate. Wings milky, costa 
slightly produced; f-Cu under r-m; M at apex of 
wing; Cup very slightly curved; Anal reaches 
middle of Cue. W.L. 2.15 mm. Legs uniformly 
blackish brown except distal part of coxae, all 
of trochanters and basal one-eighth of femora 
which are infuscate yellow. L.R. 0.69. 

Abdomen.—First two abdominal segments 
longer than remainder; yellowish with indefinite 
brownish fascia. Segments 3-8 with broad basal 
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brownish fascia and obscure narrow distal yel- 
lowish fascia; venter yellow except last sternite 
which is brownish. Cerci prominent, yellow 
(fig. 4). Spermatheca flask-shaped (fig. 5). 
Each tergite with two transverse rows of mod- 
erately long hairs. 

Total body length, 1.7 mm. 

Other material—Three paratypes, females, 
collected with the holotype (University of Cali- 
fornia, Los Angeles; Illinois Natural History 
Survey). W.L. 2.0-2.15 mm., mean 2.07 mm.; 
A.R. 0.61-0.64, mean 0.62; L.R. 0.62-0.71, mean 
0.68. 

This species differs from C. flavipes Joh. and 
C. fugax (Joh.) by having darker legs than either, 
by having longer fore tibia and by having the 
f-Cu under r-m instead of distal to it. It differs 
from C. politus (Coq.), C. infuscatus (Mall.) and 
C. elegans Joh. in having light colored cerci and 
dark reddish-brown instead of black vittae. It 
can be separated from C. nostocicola Wirth by its 
lighter color and by the f-Cu lying under r-m 
instead of distal to it and by the distinctively 
different spermathecae. It very closely resembles 
C. fuscatus Wirth but differs in that all femora are 
yellowish on their proximal ends instead of just 
the middle one; the female cerci are more linear 
and do not come to such an abrupt point (Wirth 
1957, fig. 2b, p. 125); and the spermathecae 
(fig. 5) are flask-shaped rather than globular 
(Wirth, fig. 2c, p. 125). 


Nanocladius alternantherae, new species 


Holotype: Male, Auburn, Alabama, April 8, 
1957 (U. S. National Museum No. 64692). 

Head.—Completely black. Flagellum of an- 
tennae infuscate; plumes whitish; tip enlarged 
and flattened, with a whorl of short hairs. A.R.., 
1.06. Eyes, dark amber-brown; tear-drop shaped, 
not dorsally elongated; exserted on head. Posto- 
cular bristles apparently absent. 

Thorax.—Completely black except for lateral 
margins of pronotum and small pleural area which 
are infuscate yellow. P.A. bristles, 1; D.M. 
bristles absent; D.L. bristles short, erect, in a 
single row. Wing (fig. 6), faintly brownish by 
transmitted light, milky white by reflected light; 
squama with seven bristles. W.L. 1.33 mm. 
Halteres yellowish white, slightly infuscate on 
base of pedicel. Legs yellowish, basal half of 
femora blackened; spurs (fig. 7, drawn from 
paratype). L.R. 0.61. 

Abdomen.—Dorsum wholly blackish-brown ex- 
cept segments 6 to 8 which are infuscate yellow 
on posterior margins; venter, infuscate yellow. 
Each segment bears a single transverse row of 
bristles which are somewhat staggered giving an 
appearance of a double row at least on the pos- 
terior segments; laterlly, the transverse band 
merges with a clump of four to six bristles on each 
side. 





FIG. 
Fic. 
Fic. 
Fic. 


Dendy and Sublette: Chironomidae of Alabama 


Fics. 6-12.—Nanocladius alternantherae n. sp. 


6.—Wing of holotype male. Fic. 10.—Mandible of larva. 
7.—Tibial spurs of paratype. Fic. 11.—Dorsal chaetoxy of pupa. 
8.—Genitalia of holotype. Fic. 12.—Respiratory organ of pupa. 
9.—Labial (hypostomal) plate of larva. 
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Genitalia.—Figure 8. 

Allotype: Female reared from pupa, Auburn, 
Alabama, June 13, 1956 (U.S. National Museum). 

W.L. 0.96 mm.; L.R. 0.58. Coloration as in 
male except that the black coloration of the 
thorax is not so extensive, being replaced by an 
infuscate-yellowish ground color. The yellowish 
markings of the abdomen are also more extensive 
giving each segment a vittate appearance. 


\ 


Fic. 13.—Genitalia of holotype male of Tendipes 
(Cryptochironomus) directus n. sp. 


Other material—Forty-two paratypes, 23 
males, 19 females. Three males, Auburn, Ala- 
bama, one reared (Dendy) from pupa, June 13, 
1956, one reared (Dendy) from colony of the 
bryozoan Plumatella July 10, 1956, and one April 
8, 1957; one female reared from pupa June 13, 
1956; four males, Many, La., reared (Sublette) 
October 26 through 29, 1957, three females same 
data; one male, two females, Natchitoches, La., 
reared (Sublette) October 21 through 23, 1957; 
15 males, 13 females, Natchitoches, La. (tent 
trap) October 10, 1957 through May 12, 1958, 
B. R. Buckley. (U.S. National Museum; Illinois 
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Natural History Survey; Cornell University; 
University of California, Los Angeles; Phila- 
delphia Academy of Natural Science; Sublette, 
Dendy). 

Males.—W.L. range 1.11 to 1.4 mm., mean 
1.29 mm. (10 specimens); A.R. range 0.94 to 
1.23 , mean, 1.03 (9 specimens); L.R. range, 0.61 
to 0.71, mean, 0.65 (10 specimens). Most of the 
individuals are darkly colored as the holotype; 
however, some show a distinct infuscate yellow 
ground color on the thorax giving it a dark- 
vittate appearance. It is not certain whether 
this is an environmental or age difference. 

Females.—W.L. range 0.96 to 1.29 mm., mean, 
1.12 mm.; L.R. range, 0.55 to 0.64, mean, 0.58 
(seven specimens). 

This species has been reared from larvae col- 
lected on Alternanthera philoxeroides (Martt.), 
alligator weed. Although the complete life his- 
tory has not been determined, it appears to 
emerge in greatest numbers in the late fall. 
Specimens at Natchitoches have been collected 
in December and January. 

Larva.—Head length 0.28 mm. Since this 
larva is known only from exuviae, body length 
is not available but is probably in the vicinity of 
3 mm. Labial (hypostomal) plate (fig. 9) 
strongly arched; the blackened teeth, which are 
visible only on flattened plate, are 14 in number, 
the two centrals prominent and separated from 
the lateral by a clear area. Paralabial area 
distinct but without visible ornamentation. Epi- 
pharyngeal apparatus with six blades, the upper 
ones being progressively shorter than the lower 
ones. Premandibles (torma) lightly chitinized, 
not blackened, with a distal bifurcation ; tip almost 
at right angles to main axis. Labrum without 
apparent setae. Antennae with four segments, 
ratio, 20:6:3:1. Mandibles (fig. 10) only slightly 
longer than antennae (ratio, 31:30); brush not 
discernible. Anterior prolegs with yellowish 
brown claws that are only slightly curved. Pos- 
terior prolegs with more than 25 curved to U- 
shaped hooks, the more strongly curved hooks 
being centrally located. Preanal papillae chi- 
tinized and blackened, less than twice as long as 
broad, each bears five to six yellowish-brown 
terminal bristles. 

Pupa.—Abdominal tergites and swim fin as in 
figure 11, respiratory organ as in figure 12. The 
dorsally projecting spinous plate on the second 
tergite is unusual and distinctive. The number 
of spines on the posterior row of this structure is 
variable ranging from 12 to 18. Part of this 
variation is probably due to error of observation 
since different slide mounts give different appear- 
ance to the structure. 

Adults have been collected from April 8 through 
July 10 in Alabama. A season’s tent trapping 
(junior author, unpublished data) indicated that 
in Louisiana this species emerges principally in 
the fall, with the maximum emergence occurring 
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between August 15 and December 15. A smaller 
emergence takes place in the spring, beginning in 
March and lasting through May. 

This species may be separated from N. sordens 
(Joh.) by that species having a yellow body with 
reddish thoracic vittae and different wing vena- 
tion (Johannsen 1905, pl. 30, fig. 5), and from N. 
brevinervis (Malloch) on the basis of differences 
in male genitalia (Malloch 1915, pl. XL, fig. 12) 
and by that species having no light abdominal 
markings. 

The larva keys to couplet 30, p. 60, in the key to 
Spaniotoma (=Orthocladius sens. lat.) given by 
Johannsen (1937a). It can be distinguished from 
Trissocladius by the absence of digitate labral 
bristles. The pupa keys to couplet 11, p. 61 
(op. cit.). It can be distinguished from the two 
species of Trichocladius by its distinctive tergite 
armature. 


Psectrocladius vernalis Matloch 
Three males, Auburn, Alabama, April 8, 1957. 
W.L. range, 1.6 to 2.1 mm., mean, 1.85 mm.; 
A.R. range, 1.05 to 1.30, mean, 1.15; L.R. range, 
0.65 to 0.70, mean, 0.68 (three specimens). 


CHIRONOMINAE 
Tanytarsini 


Tanytarsus (Cladotanytarsus) viridiventris 
Malloch 
Six males, Auburn, Alabama, March 30, June 
8, 1956. 
W.L. range, 1.48 to 1.85 mm., mean, 1.65 mm.; 
A.R. range, 1.22 to 1.33, mean, 1.28; L.R. range, 
1.93 to 2.02, mean, 1.97 (six specimens). 


Tanytarsus (T.) neoflavellus Malloch 

Five males, Auburn, Alabama, June 8, 19, 
November 15, 1956. 

W.L. range, 1.92 to 2.07 mm., mean, 2.01 mm. 
(five specimens); A.R. range, 1.24 to 1.59, mean, 
1.43 (four specimens); L.R. range, 2.46 to 2.69, 
mean, 2.59 (five specimens). 


Tanytarsus (T.) confusus Malloch 

One male, Russell County, Alabama, August 
11, 1954, L. Berner; 3 males, Auburn, Alabama, 
February 9, 1957. 

W.L. range, 1.78 to 1.85, mean, 1.8 mm.; 
A.R. range, 1.34 to 1.50, mean, 1.39; L.R. range, 
2.42 to 2.64; mean, 2.54 (four specimens). 

Specimens of the three preceding species have 
been compared with type material in the Illinois 
Natural History Survey collection by the junior 
author. 


Tanytarsus spp. 

There are at least eight new species in the 
material collected at Auburn, Alabama. De- 
scriptions will be included in a forthcoming revi- 
sion of the North American Tanytarsini by the 
junior author. 
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Micropsectra dubia (Malloch), 
new combination 


Three males, Auburn, Alabama, March 29, 
April 8, 1957. 

W.L. range, 2.03 to 2.4 mm., mean, 2.19 mm. 
(three specimens); A.R. 1.33 to 1.5 (2 specimens) ; 
L.R. 1.7 to 1.9 (two specimens). 


Chironomini 


Paralauterborniella elachistus (Townes), 
new combination 
Townes, 1945, Amer. Midland Nat. 
Female, Theodore, Alabama, June 12, 
(Cornell). 


Paratendipes basidens Townes 
Four males, Russell County, Alabama, August 
11, 1954, L. Berner. 
W.L. range, 2.22 to 2.29, mean, 2.25 mm. (four 
specimens); A.R. 1.81 (one specimen); L.R. 1.40 
to 1.55 (two specimens). 


34: 33. 
1917 


Polypedilum (Polypedilum) scalaenum 
(Schrank) 
Townes, 1945, Amer. Midland Nat. 
Flatwood, Leroy, and Theodore, Alabama. 


34: 39. 


Polypedilum (P.) simulans (Townes) 


Two males, Auburn, Alabama, June 6 and 
August 14, 1956. One specimen represented by 
genitalia only. 

Wis 2.1 sims AR. 4.6; LR 366. 


Polypedilum (P.) digitifer (Townes) 


Seven males, Auburn, Alabama, June 
September 17, and October 10, 1956. 

W.L. 1.66 to 1.90 mm., mean 1.81 mm. 
specimens); L.R. 1.60 to 1.85, mean 1.75 
specimens); A.R. 1.9 to 2.33, mean 2.03 
specimens). 


8 and 


(seven 
(seven 
(seven 


Polypedilum (P.) parvum (Townes) 


Townes, 1945, Amer. Midland Nat. 34: 40. 
Four females, Leroy, Alabama, June 12, 1917 
(Cornell); 6 males, 40 females, Theodore, Ala- 
bama, June 12, 1917 (Cornell, Townes). 


Polypedilum (P.) illinoensis (Malloch) 


Townes, 1945, Amer. Midland Nat. 34: 57. 
Flatwood, Alabama. 

Three males, Auburn, Alabama, February 21 
and September 17, 1956. 

W.L. 1.80 to 1.90 mm., mean 1.84 mm.; A.R. 
1.83 to 2.0, mean 1.91; L.R. 1.75 to 1.98, mean 
18: 


Polypedilum (P.) trigonus (Townes) 


One male, Auburn, Alabama, reared from pupa, 
July 10, 1956. 
W.L. 1.70 mm.; A.R. 1.46; L.R. 2.43. 
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Polypedilum (Pentapedilum) sp. 

One female, Wilson Dam, Alabama, August 25, 
1942, J. N. Belkin (University of California, Los 
Angeles). 

W.L. 1.39 mm.; L.R. (fore tarsi missing). This 
female agrees closely with the descriptions of P. 
(P.) tritum (Walker) (Townes 1945) except for 
its small size and wing features, which are much 
like P. (P.) albulum Townes. 

Stictochironomus palliatus (Coquillett) 

Townes, 1945, Amer. Midland Nat. 34: 78, 
Leroy, Alabama. 

Stenochironomus macateei (Malloch) 


Townes, 1945, Amer. Midland Nat. 34: 
Flatwood, Alabama. 
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Stenochironomus hilaris (Walker) 
Townes, 1945, Amer. Midland Nat. 34: § 
Sheffield, Alabama. 


Tendipes (T.) fulvipilus (Rempel) 

Twelve males, Auburn, Alabama, August 6, 
September 12, 17, October 10, 1956. 

W.L. 2.20 to 2.70 mm., mean, 2.49 mm.; A.R. 
2.20 to 2.75, mean, 2.43; L.R. 1.54 to 1.82, mean, 
1.62. Abdomen pale green with narrow darker 
fascia at apex of each segment. 


Tendipes (T.) decorus (Joh.) 

Eight males, Auburn, Alabama, June 22, 
December 15, 1956; January 30, March 15, 18, 
1957. Reared from colony of the bryozoan 
Pectinatella magnifica Leidy, September 17, 1957. 

W.L. 2.9 to 4.33 mm., mean, 3.77 mm.; A.R. 
3.3 to 4.05, mean, 3.69; L.R. 1.38 to 1.77, mean, 
1.55. 

Tendipes (T.) plumosus (L.) 

Townes, 1945, Amer. Midland Nat. 34: 132, 
Leroy, Alabama. 

Eight males, Auburn, Alabama, reared from 
larvae August 19, 1955; March 30, 1956; April 3 
and April 6, 1956. 

W.L. 4.96 to 6.0 mm., mean, 5.47 mm.; A.R. 
5.7 to 6.25, mean, 6.00; L.R. 1.2 to 1.4, mean, 
1.28 (eight specimens). 


Tendipes (T.) crassicaudatus (Malloch) 
Sublette and Dendy, 1957, Jour. Kansas Ent. 
Soc. 30: 121, Auburn, Alabama. Description of 
larva and pupa, notes on adults. 


Tendipes (T.) brunneipennis (Joh.) 


One male, Auburn, Alabama, August 10, 1956. 
W.L. 2.26 mm.; A.R. 2.87; L.R. 2.05. 


Tendipes (Endochironomus) nigricans (Joh.), 
new combination 
Twelve males, Auburn, Alabama, from colony 
of Plumatella, reared July 10, from light trap 
December 15, 1956; January 8 to 30, March 15, 
18, 1957. 
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W.L. 3.1 to 4.4 mm., mean, 3.78 mm.; A.R. 
2.6 to 3.5, mean, 3.06; L.R. 1.11 to 1.29, mean, 
1.15. 


Tendipes (Endochironomus) brachialis (Coq.), 
new combination 

Six males, two females, Auburn, Alabama, 
July 12, 1955; from colony of Plumatella, reared 
from pupa July 5 to 10, 1957 and November 2, 
1957. 

Males.—W.L. 2.74 to 3.22 mm., mean, 3.05 
mm.; A.R. 3.27 to 3.53, mean, 3.4; L.R. 1.21 to 
1.28, mean, 1.25 (six specimens). Female.— 
W.L. 3.4, 3.59 mm.;L.R. 1.2, 1.24 (two specimens). 


Tendipes (Endochironomus) atrimanus (Coq.), 
new combination 
Two males, Auburn, Alabama, from colonies of 
Pectinatella magnifica September 20 to 23, 1957. 
W.L. 1.15, 1.19 mm.; A.R. 3.24 (one specimen 
only); L.R. 3.14, 3.55. 


Tendipes (Tribelos) fuscicornis (Malloch), 
new combination 


Townes, 1945. Amer. Midland Nat. 
Leroy and Sheffield, Alabama. 

As previously mentioned under nomenclature, 
the authors are following Freeman in using 
Tanytarsus sensu Edwards (1929). The sub- 
genus Tribelos Townes 1945 is closely related to 
Endochironomus Kieffer 1918, but is distinguished 
by having the R,; and Roe,; distinctly separated 
instead of slightly separated, and by having only 
one spine on the middle tibia instead of two. 
The authors are, therefore, tentatively placing 
Tribelos in the genus Tendipes, following Freeman 
(1958) in his placement of Endochironomus. 


34: 67. 


Tendipes (Dicrotendipes) modestus (Say) 
Four males, Auburn, Alabama, June 8, August 
10 to 14, and October 10, 1956. 
W.L. 2.0 to 2.1 mm., mean, 2.08 mm.; A.R. 2.2 
to 2.6, mean, 2.45; L.R. 1.79 to 1.9, mean, 1.82. 


Tendipes (Dicrotendipes) nervosus 
(Staeger) 

Eighteen males, Auburn, Alabama, reared from 
colonies of Plumatella July 11 to 28, 1955, Septem- 
ber 20, 1957. 

W.L. 1.81 to 2.15 mm., mean, 2.01 mm.; A.R. 
2.60 to 2.86, mean, 2.71 (nine specimens); L.R. 
1.83 to 2.06, mean, 1.93. Our specimens appear 
to be the variety illustrated by Townes (1945) as 
figure 122 B. 


Tendipes (Cryptochironomus) directus, 
new species 
Holotype: Male, Auburn, Alabama, Septem- 
ber 3, 1957. (U.S. National Museum No. 64693). 
Head.—Brown, mouthparts somewhat dark- 
ened; flagellum of antenna infuscate, hairs pale. 
A.R. 2.33. 
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Fics. 14-24.—Tendipes (Cryptochironomus) pectinatellae n. sp. 
FIG 
FIG 
FIG 
FIG 
FIG 


. 14.—Genitalia of holotype male. 

. 15.—Egg mass. 

. 16.—Larval antenna. 

. 17.—Larval labial (hypostomal) plate. 
. 18.—Larval paralabial plate. 

. 19.—Larval labrum, ventral view. 


. 20.—Epipharyngeal apparatus of larva. 
. 21.—Larval premandibles (torma). 

. 22.—Larval mandible. 

. 23.—Second tergite of pupa. 

. 24.—Swim fin of pupa. 
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Thorax.—Prothorax slightly inferior to anterior 
end of mesonotum; mesonotum, scutellum and 
postnotum, yellowish brown, shoulders somewhat 
lighter; legs stramineous; no tarsal beard. W.L. 
1.4 mm.; L.R. 1.67. 

Abdomen.—Light 
apically. 

Genitalia (fig. 13).—The distinctive, linear 
dististyles separate this species from all others, 
except 7. potamogeti (Townes) from which it may 
be separated by the shape of the superior 
appendage. 

Allotype: A female collected by tent trapping 
along with several male and female paratypes by 
B. R. Buckley, from Cane River Lake, Natchi- 
toches, La., September 7, 1957 (U. S. National 
Museum). 

Other Material.—Thirty-four paratypes. Ten 
males, Auburn, Alabama, September 17, October 
10 to 28, 1956 and September 3, 1957; 18 males, 
6 females, Natchitoches, La., May to September, 
1957 and 1958 (tent trap), B. R. Buckley. (U.S. 
National Museum; Illinois Natural History Sur- 
vey; Philadelphia Academy of Science; Dendy, 
Sublette). 

The color pattern of the thorax varies from 
medium brown to light brown to pale green with 
light brown vittae. Alabama.—Males, W.L. 1.3 
to 1.9 mm., mean, 1.61 mm.; A.R. 2.0 to 2.38, 
mean, L.R. 1:57 to 1.77, mean, 1.67. 
Louisiana.—Males, W.L. 1.1 to 1.33 mm., mean, 
1.27 mm.; A.R. 1.86 to 2.16, mean, 1.97 (six 
specimens) ; females, W.L. 1.1 to 1.26 mm., mean, 
1.12 mm. (six specimens); L.R. 1.64 to 1.81, 
mean, 1.75. 

This species is distinguished from the closely 
related T. monochromus (Wulp), 7. tenuicaudatus 
(Malloch), and 7. potamogeti (Townes) by the 
structure of the male genitalia; in monochromus 
and fenicaudatus the dististyle is basally con- 
stricted; in directus and potamogeti it is not; in 
directus the superior appendage does not have a 
lateral apical shoulder, in potamogeti it does. 


green becoming brown 


2.23: 


Tendipes (Cryptochironomus) fulvus (Joh.), 
new combination 


Two males, Auburn, Alabama, June 8 to 29, 
1956. 

W.L. 2.2, 2.8 mm.; A.R. 2.0 (one specimen); 
L.R. 1.66 (one specimen). 


Tendipes (Cryptochironomus) tenuicaudatus 
(Malloch), new combination 


One male, Auburn, Alabama, January 30, 1957. 
W.L. 2.7 mm.; A.R. 2.2; L.R. 1.50. 


Tendipes (Cryptochironomus) amachaerus 
(Townes), new combination 


One male, Auburn, Alabama, October 28, 1956. 
W.L. 2.0 mm.; A.R. 2.5; L.R. 1.69. 
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Tendipes (Cryptochironomus) monochromus 
(Wulp) 
Six males, Auburn, Alabama, June 6, Septem- 
ber 12, October 28, 1956; January 30, 1957. 
W.L. 1.9 to 2.7 mm., mean, 2.2 mm.; A.R. 2.2 to 
2.58, mean, 2.35; L.R. 1.50 to 1.57, mean, 1.53. 


Tendipes (Cryptochironomus) pectinatellae, 

new species 

Holotype: Male, Phenix City, Alabama, Sep- 
tember 11, 1957 (U. S. National Museum No. 
64694). 

Head.—Light brown; pedicel and basal segment 
of antenna yellowish-brown; remainder of an- 
tenna dark brown, mouth parts infuscated. 
Postocular bristles in a double row, anterior ones 
more conspicuous. Eyes dorsally elongated, sep- 
arated by a distance of slightly more than half 
the diameter of the pedicel. A.R. 2.7. 

Thorax.—Prothorax slightly inferior to an- 
terior end of mesonotum; not narrowed; with a 
slight notch. Mesonotum pale whitish green; 
vittae, pale yellow. Scutellem and postnotum, 
yellow. Halteres pale green becoming bright 
green distally. Legs pale green; prothoracic leg 
infuscate from tip of tibia to distal end of leg; 
meso- and metathorcic legs infuscate only on 
tarsi; no tarsal beard. L.R. 1.71. Squama with 
fringe of long hairs. W.L. 2.11 mm. 

Abdomen.—Light green becoming light brown 
apically. 

Genitalia (fig. 14).—Anal point long and hairy; 
superior appendages sharply incurved; distyles 
not constricted at base; incurved at tips. 

Allotype: A single female collected with the 
males of this species is probably the same. (U.S. 
National Museum) 

W.L., 2.4 mm.; L.R. 1.72. Colored as male. 

Other material.—Paratypes, 50 males and 21 
females, emerged from same container as holotype, 
September 12 to 17, 1957. (U.S. National Mu- 
seum; Illinois Natural History Survey; Dendy, 
Sublette). 

W.L. 1.92 to 2.22 mm., mean, 2.10 mm.; A.R. 
2.4 to 2.7, mean, 2.51; L.R. 1.71 to 1.86, mean, 
1.79 (six specimens). 

This species is distinguished by the structures 
of the male genitalia. It differs from 7. (C.) 
forceps (Townes) by having a much higher leg 
ratio and by having a broader, more setose anal 
point. 

Materials on which descriptions are based were 
obtained from colonies of the bryozoan Pectina- 
tella magnifica Leidy from a fish pond near 
Smiths, Lee County, Alabama. Larval and pupal 
exuviae were obtained from individuals isolated 
and reared to adults in test tubes. Most of the 
larvae and pupae were in burrows at the surface 
or in U-shaped spaces in the bryozoan jelly, 
within 5 mm. from the surface. U-shaped bur- 
rows deeper in the jelly were numerous, but con- 
tained no midge larvae. 
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Egg mass.—One female oviposited in captivity. 
The eggs were arranged in a jelly mass as shown 
in figure 15. 

Mature larva.—Color greenish to slightly red. 
No ventral “blood gills.” Head length 0.3 mm.; 
body length 6.0 mm.; head almost colorless ex- 
cept for eyes, labial (hypostomal) plate, man- 
dibles, and relatively conspicuous darkened 
premandibles (torma). Vertically paired eye 
spots separated by a distance about one-third the 
diameter of the eye. Antennae (fig. 16) short, 
0.06 mm. long, with segment ratio of 26:9:2:4:3, 
ring organ located near middle of basal segment. 
Labial plate (fig. 17) with large cleft median tooth 
flanked on each side by seven smaller teeth, the 
first being smaller than the second and the outer- 
most being considerably smaller than any of the 
others; paralabial plate (fig. 18) medially reaching 
a point in line with the fourth lateral tooth of the 
labial plate; paralabial plate with numerous weak 
striations. Ventral surface of labrum, as in 
figure 19, and epipharyngeal apparatus, as in 
figure 20. V-shaped structure between the pre- 
mandibles with small circular structure at apex; 
approximately 11 blade-like structures arise near 
upper end of “V”’, the outer one on each side 
forked. Premandibles (fig. 21) large, dark brown 
distally, ending in three large teeth directed 
medially, a minute tooth nearer base. On 
ventral surface of labrum (fig. 19) a pair of large 
entire bristles and just posterior to them 4 smaller 
branched bristles. Mandible (fig. 22) with three 
dark teeth and a pale accessory tooth, the tip of 
which extends about as far as the subterminal 
tooth; along margin of ventral surface of mandible 
two curved bristles, the outermost reaching the 
tip of the subterminal tooth, the other hardly half 
as long; basal portion of mandible pale. Posterior 
prolegs approximately twice as long as diameter, 
each with terminal crescent of about 16 claws. 
Preanal papillae short, about as long as diam- 
eter, each bearing four long bristles. Anal “‘gills’’ 
blunt and curved sharply away from each other, 
about twice as long as wide, the lower pair 
approximately 0.8 and upper pair 0.6 as long as 
the posterior proleg. 

Pupa.—Length 3.7 mm. Abdominal tergites 
with variable amounts of shagreen; shagreen on 
second tergite restricted to a pair of small tri- 
angular patches (fig. 23); shagreen on third ter- 
gite covering posterior third, on fourth, fifth, and 
sixth covering posterior three-fourths. Posterior 
margin of second tergite with the usual row of 
upturned hooks. Posterio-lateral spur on seg- 
ment 8 minute and almost transparent, com- 
posed of four or five coalesced spines; fin on 
lateral margin of segment 8 with four lateral 
filaments and fifth posterior and medial to the 
group of four (fig. 24). Segments 3 and 4 each 
with a pair of lateral bristles, one above the other, 
at about mid-length of the segment; segments 5 
and 6 each with four marginal bristles. Swim fin 
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as in figure 24, each lobe with about 70 filaments. 

The respiratory organ originates as three or four 
main branches and divides into 30 or more thread- 
like filaments. The exact number could not be 
counted on specimens available. The cephalic 
tubercle is pointed and bears a small preapical 
bristle. 

The larva keys in Johannsen (1937b, page 22) to 
couplet 10. The labial plate appears much like 
Johannsen’s figure for Chironomus (Polypedilum) 


flavus (pl. V, fig. 76), but the antenna has a 


shorter second segment and the ring organ is in 
the middle third rather than the proximal seventh 
of the first segment. In Johannsen (op. cit., p. 
24) this pupa keys to C. (Cryptochironomus) sty- 
lifer Joh., C. (Cryptochirohomus) fulvus Joh. if the 
minuteness and position of the spur on the seg- 
ment will allow the selection of the first alternative 
in couplet 1. The spur is not like the figure re- 
ferred to in the second alternative of couplet 1. 
If the second alternative is followed, the pupa keys 
to couplet 15 (page 24) but it does not fit the 
alternatives in this couplet. 


Glyptotendipes (Phytotendipes) paripes (Edw.) 

Four males, one female, Auburn, Alabama, 
March 30, May 1, 1956. 

Males.—W.L. 4.07 to 4.37 mm., mean, 4.22 
mm.: A.R. 3.7 to 4.3, mean, 3.94; L.R. 1.21 to 
1.25, mean, 1.23; second tarsal segment of fore 
tarsus: third, 1.0 to 1.04, mean, 1.02; scar on 
sixth tergite: total length of tergite, 0.36 to 0.53, 
mean, 0.42; scar on sixth: scar on second tergite, 
1.25 to 1.6, mean, 1.42. Female—W.L. 4.81 
mm.; L.R. 1.4; scar on sixth tergite: tergite, 0.36; 
scar on sixth: scar on second tergite, 1.47. Prealar 
bristles 12 to 13, most frequently 13. 


Glyptotendipes (Phytotendipes) meridionalis, 
new species 
Sublette, 1955, Texas Jour. Sci. 7: 180, 


and 
1957, Amer. Midland Nat. 57: 391. Description 
of larva and pupa and biology. Misdetermina- 
tion of G. paripes (Edw.). 

Holotype: Male, University of Oklahoma Bio- 
logical Station, Willis, Okla., July 8, 1950, 
in a light trap on the shore of Lake Texoma, 
Sublette (U. S. National Museum No. 64695). 

Head.—Brown, including pedicel of antenna; 
flagellum somewhat more fuscous; postocular 
region greyish pollinose; postocular bristles in a 
single row overhanging eyes which are deeply 
notched. Frontal tubercles minute. A.R. 3.53. 

Thorax.—Pronotum widely notched, concolorus 
with ground color of thorax which is dark brown 
and heavily greyish pollinose. Vittae outlined 
by greyish pollen. Middle vittae separated by 
slight ridge which extends back to scutellum and 
is lighter colored at least anteriorly. P.A. 
bristles 8; D.M. bristles short and in a double row; 
laterally depressed. D.L. bristles larger and 
suberect, in double rows which are staggered. 
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Scutellum pale brown, with about three rows of 
bristles; posterior row heaviest, about 18 in 
number. Postnotum and_ sternopleuron con- 
colorous with vittae. Halteres pale brown, 
darkened distally. W.L. 2.7 mm. Legs pale 
brown, slightly darkened at apices of femora and 
tarsi. Fore tarsus with very sparse beard. L.R. 
1.45. 

Abdomen.—Dark brown, slightly lighter on 
apical one-fourth of each segment; greyish pol- 
linose on anterior and posterior margin; strongly 
pilose. 

Genitalia.—Indistinguishable from G. lobiferus 
and G. paripes. 

Allotype: Female, Auburn, Alabama, July 25, 
1955 (U. S. National Museum). 

As male except for sexual differences. W.L. 
2.29; L.R. 1.51; scar sixth:tergite, 0.58; scar sixth: 
scar second, 2.5; Tae:Tas, 1.11. 

Other Material.—Twenty-one paratypes. Elev- 
en males, Auburn, Alabama, June 30, July 13 to 
14, 1955; March 30, June 19, July 11, September 
12, 1956. Three males, Univ. Okla Biol. Sta., 
Willis, Okla., July 8, 1950; six males, one female, 
Cane River Lake, Natchitoches, La., June 25 to 


Name 


testaceus... 


barbipes 
paripes.. 
lobiferus.. 


meridionalis 
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October 21, 1957, B. R. Buckley (U. S. National 
Museum; Philadelphia Academy of Science; 
Illinois Natural History Survey; Sublette, Dendy). 


Male.—W.L. 2.44 to 3.18 mm., mean, 2.76 mm. 
(16 specimens); A.R. 3.53 to 4.1, mean, 3.8;L.R. 
1.31 to 1.5, mean, 1.42; scar on sixth tergite: 
length of tergite, 0.59 to 0.73, mean, 0.64 (11 
specimens); scar sixth: scar second, 2.18 to 3.1, 
mean, 2.6 (10 specimens); second segment of fore 
tarsus: third, 1.11 to 1.22, mean, 1.14 (16 
specimens). 

Female.—W.L. 2.81 mm.; L.R. 1.6; scar on 
sixth tergite: length of tergite, 0.67; scar on sixth: 
second, 2.25; second segment of fore tarsus: 
third, 1.11. 

The sparse beard is scarcely distinguishable on 
some specimens. The legs of the Louisiana 
specimens are darker than the remainder of the 
material, being darkened from apices of femora 
to the end of the legs. 


The following table compares the adult males 
of the described North American species of 
Glyptotendipes (Phytotendipes) (after Townes 
1945). 
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0.4 1.05 


1.3 
1.14 


Subfamilies Tanypodinae, Diamesinae, and Ortho- 
cladiinae. Cornell Univ. Agric. Expt. Sta. Mem. 
205. 84 pp., 18 pls. 

1937b. Aquatic Diptera, 
Subfamily Chironominae. 
9 pls. 

1946. Revision of the North American species of the 
genus Pentaneura (Tendipedidae: Chironomidae, 
Diptera). Jour. New York Ent. Soc. 54: 267-89. 

Johannsen, O. A., and H. K. Townes. 1952. Guide to 
the Insects of Connecticut. Part VI. The Diptera 
or true flies of Connecticut. Fifth Fascicle: Midges 
and Gnats. Tendipedidae (Chironomidae). Con- 
necticut State Gecl. Nat. Hist. Surv. Bull. 80: 3-147. 

Malloch, J. R. 1915. The Chironomidae, or midges, of 
Illinois with particular reference to the species 
occurring in the Illinois River. Bull. Illinois State 
Lab. Nat. Hist. 10(6): 275-538. 

Morrissey, T. 1950. Tanypodidae of Iowa (Diptera). 

III. Amer. Midland Nat. 43(1): 88-91. 

Sublette, J. E. 1955. The physico-chemical and bio- 
logical features of Lake Texoma (Denison Reservoir), 
Oklahoma and Texas. Texas Jour. Sci. 7(2): 164-82. 

1957. The ecology of the macroscopic bottom fauna in 
Lake Texoma (Denison Reservoir), Oklahoma and 
Texas. Amer. Midland Nat. 57(2): 371-402. 


Part IV. Chironomidae: 
Ibid., Mem. 210. 56 pp., 





1959] Dendy and Sublette: 


Sublette, J. E., and J.S. Dendy. 1957. The immature 
stages of Tendipes (Tendipes) crassicaudatus Malloch) 
(Tendipedidae: Diptera) with notes on life history 
and ecology. Jour. Kansas Ent. Soc. 30(4): 121-4. 

Townes, H. K. 1945. The Nearctic species of Tendi- 
pedini [Diptera, Tendipedidae (=Chironomidas)]. 
Amer. Midland Nat. 34(1): 1-206. 

Walley, G. S. 1925. New Canadian Chironomidae of 
the genus 7anypus (Dipt.). Canadian Ent. 57(11): 
271-8. 


Chironomidae of Alabama 


519 


1926. Chironomidae. Ibid. 58(3): 
64-5. 

1928. The genus Tanypus in Canada, with key to the 
North American species (Diptera, Chironomidae). 
Ann. Ent. Soc. America 21: 581-92, 1 pl. 

Wirth, W. W. 1957. The species of Cricotopus midges 
living in the bluegreen alga Nostoc in California 
(Diptera: Tendipedidae). Pan-Pacific Ent. 33(3): 
121-6. 


New Canadian 


THE LIFE HISTORY OF MOCHLONYX CINCTIPES (COQUILLETT) 
(DIPTERA: CULICIDAE)' 


CHARLES T. O'CONNOR 
El Paso, Texas 


ABSTRACT 


This species has one generation per year in Ohio, 
where it breeds in semipermanent pools formed by melt- 
ing snow and spring rains. It overwinters in the egg, 
larvae appear early in March, and adults are present 
from late April or early May until mid-June. Larvae 
can remain submerged for extended periods. They are 
omnivorous, feeding on crustaceans, mosquito larvae, 
algae, and fungi, and cannibalism is a common practice 


Although the biting Culicidae have been studied 
extensively, the nonbiting Culicidae, which form 
the subfamily Chaoborinae, have received little 
attention. The literature contains a few general 
statements concerning the life histories of mem- 
bers of this subfamily, but only two species have 
been carefully observed. Herms (1937) and 
Deonier (1943) reported on Chaoborus astictopus 
Dyar and Shannon, and James (1957) reported 
on Mochlonyx velutinus (Ruthe). This paper 
presents the results of a study of Mochlonyx 
cinctipes (Coquillett) which was conducted in 
the vicinity of Wooster, Ohio, during 1957 and 
1958. 


HABITAT 


Cook (1956) states that M. cinctipes is widely 
but sparsely distributed across the northern 
section of this continent. It breeds in semi- 
permanent woodland pools found in wood lots 
containing rather dense underbrush. No speci- 
mens were collected from pools in wood lots which 
were grazed over by cattle. The pH of the pools 
which contained larvae ranged between 5.5 and 
6.8. 

Larval distribution patterns in the pools are 
greatly influenced by the area and depth of the 

‘Journal Article No. 98-58, Ohio Agricultural Experi- 
ment Station, Wooster, Ohio. Portion of a doctoral 
dissertation prepared while the author was employed 
as research assistant in the Department of Entomology, 
Ohio Agricultural Experiment Station. Accepted for 
publication November 18, 1958. 


under crowded conditions. Adults were not seen to 
feed, though they do imbide water. They remain in 
close proximity to the pools, and while they swarm in 
the evenings, they pass most of their lives resting on 
tree trunks. The females oviposit under leaves and 
other debris at the periphery of the pools. The various 
stages are described, and some are illustrated. 


water. The presence of partly submerged ob- 
jects is also important. In small, shallow pools 
that contain no growing trees or partly submerged 
logs, the larvae are rather evenly dispersed 
throughout the water. In pools with deep cen- 
ters, the great majority of immature Mochlonyx 
are located around the periphery where the water 
does not exceed 6 to 8 inches in depth. Water 
surrounding growing trees and partly submerged 
logs harbors the greatest concentrations of larvae. 
DESCRIPTIONS 

Cook (1956) presents a detailed description of 
the adult of M. cinctipes. He also describes the 
fourth-instar larva and the pupa of M. velutinus, 
stating that the immature stages of the two 
species cannot be distinguished. 

Adult.—The male (figure 1) and female of M. 
cinctipes average 5.32 mm. and 4.58 mm., respec- 
tively. The adult is a yellowish-brown color and 
is densely clothed with fine hairs. Superficially 
it has the appearance of a mosquito, but the 
mouthparts are extremely short. The wing vena- 
tion is similar to that of the biting Culicidae 
except that scales are present only on the fringe 
of the wings. The wings are mottled as a result 
of the arrangement of light and dark hairs. A 
ringed appearance is imparted to the abdomen 
through darkening of the central portion of each 
abdominal sclerite. The legs are brown, except 
for a yellowish band located distally on the femora 
and proximally on the tibiae and first four tarsal 
segments. The legs are all about equal in length, 
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and the first segment of each tarsus is approxi- 
mately one-quarter the length of the second, 
which is as long as the remaining three segments 
together. In the male, the last tarsal segment of 
each leg possesses a hairy basal swelling. The 
tarsal claws are very large and equal in length, 
having a serrated basal tooth and a long tooth 
near the middle. The last segment of the female 
tarsus lacks the basal swelling, and the smaller 
tarsal claws exhibit only the serrated basal tooth. 

Egg.—The egg (figure 2) averages 0.47 mm. in 
length and 0.15 mm. in width. It is creamy 
white, elongate-ovoid in shape, and slightly larger 
toward the anterior end. The chorion exhibits 
longitudinal rows of short, round pegs, which are 
0.01 mm. in length at each end of the egg and 
shorten gradually to 0.005 mm. at the widest 
portion of the egg. As the egg dries, the pegs 
shrink slightly, but they are still easily discernible. 
The rows are irregularly spaced, as are the pegs 
within each row. A _ bell-shaped and _ hollow 
operculum is anteriorly located. 

First-Instar Larva.—The first-instar larva (fig- 
ure 3) averages 1.92 mm. in body length and 0.30 
mm. in head width. When newly emerged from 
the egg, the larva is transparent and completely 
lacking in color. Sclerotization is limited to the 
head capsule and mouthparts. The siphon lacks 
the definite shape characteristic of the later 
instars. The prehensile antennae are placed wide 
apart and consist of a proximal shaft and three 
long, movable, sharply-pointed setae which are 
located distally. A minute apical seta is also 
located on the shaft. A pair of short, widely- 
separated clypeolabral setae are present. The 
mandibles are not heavily sclerotized. A stout 
tooth with five or six small, colorless teeth on its 
posterior margin is situated distally and pos- 
teriorly. Four stout processes are present in a 
straight line on the distal margin of each mandible. 
Posteriorly-directed, pointed teeth are located on 
the distal two-thirds of these processes. Two 
long, simple setae are situated near the center of 
the outer surface of the mandible. 

The thoracic segments are indistinct, but 
patches of long setae indicate their presence. 
Two large, elliptical air sacs are located dorsally 
in the thorax. The thorax is only slightly wider 
than the head. Clusters of long setae, which 
gradually decrease in length posteriorly, appear 
laterally on the first eight abdominal segments. 
The seventh segment, which contains a pair of 
air sacs, is half again as long as those preceeding 
it. The siphon is located dorsally on the eighth 
abdominal segment. The last segment exhibits 
a ventral fan composed of 8 to 10 long setae and 
a small dorsoposterior cluster of long setae. Four 
anal gills, each of which tapers to a rounded point, 
are situated terminally. 

Second-Instar Larva.—The second instar larva 
averages 3.58 mm. in body length and 0.56 mm. 
in head width. Although exhibiting essentially 
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the same body form as the first instar, the second- 
instar larva has a number of morphological dif- 
ferences. Sclerotized areas appear on the dorsal 
surface of the thorax and each of the abdominal 
segments. The mandibles are heavily sclerotized 
and possess six or seven teeth. There is a fan 
situated anteriorly on the mandible which is com- 
posed of four or five simple, movable setae. 
There are also four toothed processes on the distal 
margin. The antennae bear four movable setae; 
three of which are equal in length and terminally 
blunt, while the fourth is two-thirds the length 
of the others and is sharply pointed. A pair of 
medial clypeolabral setae, which bear small 
spines on the distal one-third of their length, is 
present. 

The thorax is half again as wide as the head. 
The setae of the thorax and abdomen are short 
and plurnose. This instar exhibits a well-formed 
and sclerotized siphon. 

Third-Instar Larva.—The third-instar larva 
averages 4.43 mm. in body length and 0.78 mm. 
in head width. It differs only slightly from the 
second-instar larva. The third-instar larva is 
more heavily sclerotized and the thorax is ap- 
proximately twice as wide as the head. There 
are seven or eight teeth on the mandible, and the 
mandibular fan consists of five or six movable 
setae. 

Fourth-Instar Larva.—The fourth-instar larva 
averages 6.56 mm. in body length and 1.16 mm. 
in head width. There are two pairs of medial 
clypeolabral setae. The mandible bears seven 
or eight teeth and a fan composed of six or seven 
movable setae. 

Pupa.—The pupa exhibits an average length 
of 5.92 mm. Superficially it has the appearance 
of the pupal stage of the Culicinae. The breath- 
ing horns are spindle-shaped and the internal 
spiracles are located near the tapered distal end. 
The paddles are broader than long, with a distinct 
midrib and thickened margin. There is a short, 
simple seta located at the distal end of the midrib 
and a plumose seta situated on the midrib, one- 
third the distance from the distal end. 


LARVAL MEASUREMENTS 


Figures 4 and 5 are scatter diagrams of head 
and siphon measurements. Between 30 and 40 
specimens of each instar were examined. The 
diagrams show that both head width and siphon 
width measurements can be employed in the 
separation of instars. 


LIFE HISTORY 


Egg Stage.—M. cinctipes has one generation per 
year and overwinters in the egg stage. The eggs 
are deposited in the evening during May and June, 
under leaves and other debris at the edge of the 
pools. They remain on the leaves during the 
summer, fall, and winter, and hatch early in the 
following March, when the pools form again. 
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Life History of Mochlonyx cinctipes 


Fic. 1.—Mochlonyx cinctipes (Coq.), adult male, dorsal aspect. 


They undergo partial development during the 
summer months. Generally, the eggs are scat- 
tered haphazardly, but in a few cases irregular 
groups of as many as five have been observed. 
Although the average female matures 98 eggs, 
only 5 to 13 are deposited at each oviposition. 

Larval Stage.—First-instar larvae appear during 
the first week of March, when the water tem- 
perature sometimes reaches a low of 33° F., and 
the pools may be completely covered with ice. 
The second-, third-, and fourth-instar larvae and 
the pupae were first collected during 1958 on 
the following respective dates: March 26, April 
3, April 13, and April 30. These data indicate 
developmental periods of 23, 8, 10, and 17 days, 
respectively, for the four stadia. In 1957, when 
average temperature and rainfall during March, 
April, and May exceeded the averages for the 
same period during 1958, the last fourth-instar 
larva was collected on May 27. Inasmuch as all 
of the eggs do not hatch at the same time, the 
larval stage extends over a 3-month period. 

The larvae are omnivorous, feeding on algae, 
fungi, crustaceans, mosquito larvae, and other 


small aquatic life. The first instar feeds primarily 
on algae and protozoa, but one specimen was seen 
to feed on a small copepod. The crop contents 
of 30 third- and fourth-instar larvae were placed 
on slides for examination. The following list 
contains the species of copepods found: 

Cyclops vernalis Fisher 

Cyclops navus Herrick 

Bryocamptus hutchinsoni Kiefer 

Bryocamptus minutus var. (Claus) 


Bryocamptus sp. (prob. hiemalis) 
Canthocamptus sp. (prob. staphylinoides) 


Some unidentifiable ostracod fragments were 
also found in the crop contents, but no remains of 
larval mosquitoes were seen. These larvae do 
not restrict themselves to actively moving food. 
On two occasions, late-instar Mochlonyx were 
observed feeding on Saprolegnia sp., a colorless 
saprophytic fungus which is abundant in wood- 
land pools. 

Laboratory tests showed that M. cinctipes 
larvae have no feeding preference with regard to 
crustaceans. In addition to the previously men- 
tioned species, several species of Daphnia were 
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ingested. Early-instar larvae of Aedes aegypti 
(Linn.), Aedes stimulans (Walker), Culex territans 
(Walker), Culex pipiens (Linn.), and Chaoborus 
flavicans (Meigen) were also consumed. The 
only factor which limited predation in the 
laboratory was relative size of the prey. A 
fourth-instar Mochlonyx larva seized a fourth- 
instar Aedes stimulans larva near the base of the 
siphon. The Aedes larva, which was larger than 
that of the predaceous species, managed to free 
itself by vigorously wriggling and twisting, but 
it died a short time later. Cannibalism was often 
observed under crowded conditions. 


Sy 


FiG. 2.—Mochlonyx cinctipes, egg, lateral aspect. 

When food is ingested, it passes into the crop 
which, when full, occupies most of the thoracic 
region. Digestion takes place here, and the con- 
traction and expansion of the walls of the crop 
produce a crushing effect which hastens the 
process. A constricted area at the posterior end 
of the crop stops the passage of undigested 
chitinous remains into the midgut where absorp- 
tion occurs. After digestion is completed, the 
skeletal remains are ejected from the crop by 
regurgitation. version of the foregut during 
egestion, as reported by Monchadskii (1945) and 
James (1957), who studied other members of the 
Chaoborinae, was not observed. 

Third- and fourth-instar larvae which were 
placed in 3-inch shell vials remained submerged 
for as long as 14 minutes. This interval between 
breathing periods was almost doubled when the 
larvae were placed in aquaria containing aquatic 
plants. Apparently, the anal gills perform a 
function in respiration, since first- and second- 
instar larvae which were denied access to at- 
mospheric oxygen lived as long as 32 hours. 
Third- and fourth-instar larvae which were also 
denied access to atmospheric oxygen lived as 
long as 10 hours. 

Pupal Stage —When newly emerged, the pupa 
is transparent, but it gradually changes to a dark 
brown color after several days. This stage lasts 
from 3 to 4 days. The pupa swims actively by 
means ot rapid paddling motions of the abdomen. 
Like the larva, it secretes itself under debris on 
the bottom of the pool when alarmed. Uniike 
the larva, it does not remain beneath the surface 
for extended periods. 

Adult Stage-—Upon emergence from the pupal 
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skin, the adult stands on the surface of the water 
for 5 to 10 minutes before flying to a vertical sur- 
face, where it rests while drying. Although a few 
adults were swept from vegetation, the vast 
majority utilized trees as resting places. With 


FiG. 3.—Mochlonyx cinctipes, first-instar larva, 


dorsal aspect. 


the aid of an aspirator as many as 25 specimens 
have been collected in 10 minutes from oak, 
maple, and elm trees. The adults have a limited 
flight range. None were collected more than 
70 feet from the pools. 

The adults are crepuscular, swarming in open 
areas in the woods when the light intensity falls 
to 3.5 foot-candles. Swarms were found between 
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8 and 20 feet from the ground. The shrill hum- 
ming sound produced is audible at a distance of 
20 feet. During swarming, only a few gravid 
females can be found on the trees. Males out- 
number females approximately eight to one in 
the swarms. Mating was not observed, but 
James (1957) reports that Mochlonyx velutinus 
(Ruthe), a closely related species, mates during 
swarming. 
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Fic. 4.—Scatter diagram of larval head width 
and head length measurements. 


No evidence of feeding by adults was observed 
either in the field or the laboratory. Caged 


specimens were provided with prunes, raisins, 


honey-water, and wild flowers, and although 
observations were conducted during the day and 
night, no adults were seen to visit the food sources. 
Careful examination of possible food sources in 
the field also proved fruitless. On two occasions, 
imbibition of water was observed. The adult 
landed on the surface of the water and lowered 
its body until the mouthparts were in contact 
with the water. The process required approxi- 
mately 45 seconds, after which the adult raised its 
body to the normal resting position and then flew 
away. 

The adults appear at the end of April or the 
beginning of May. They can be found in the 
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woods until the middle of June, although indi- 
viduals live only 12 to 14 days. 
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ABSTRACT 


Evidence of blood meals and ovarian development in 
female C. tarsalis is more apparent in this area during 
February and March than ‘ining the normal season of 
lessened activity (overwintering) from November to 
January. Males ordinarily are first found in early 
April, following the appearance of larvae during March 
in rain and irrigation water. As compared with other 
Culex species, C. farsalis is found in larger proportion in 
natural (animal burrow and tree-type) habitats than in 
artificial ones (chicken houses, cellars, and bridges) 
Major population peaks of adult C. farsalis were in June, 


This study, carried out during the years 1953 
through 1956, represents a continuation of the 
investigation initiated by Mortenson (1953) on 
the overwintering habits of Culex tarsalis Coquil- 
lett. The present study was expanded in scope 
to include (1) investigations on mosquito popula- 
tions in natural and artificial resting places during 
the entire year and (2) a comparsion of three 
methods of measuring adult populations in 
artificial resting places. The 3-year study was 
conducted in what was at that time an uncon- 
trolled area of San Joaquin County, which is in 
the Delta region of the Central Valley of Cali- 
fornia. A preliminary report based on the first 
year’s data has been made (Loomis and Green 
1955). 

METHODS 


The study area was located in rural areas 
around the City of Stockton (75,000 population). 
The principal crops in this area are rice, alfalfa, 
permanent pastures, orchards, and row crops. 
Many drainage canals, sloughs, and small — 
dissect the study area and empty into the San 
Joaquin River, on which is situated the Port of 
Stockton west of the City. Bi-weekly surveys 
were made of 7 to 10 natural and 9 to 15 artificial 
resting places. In a few instances surveys were 
conducted monthly. The natural resting places 
consisted of ground squirrel burrows (Citellus 
beecheyi (Richardson) ), tree stumps, and 
uprooted ends of fallen trees. The artificial rest- 
ing places consisted of chicken houses, bridges, and 
cellars. Each natural station was located within 
100 yards of an artificial resting place. Three 
artificial resting places and two natural resting 
places were established on the north side of the 
city, six artificial and four natural ones on the 
south side, and three artificial and two natural 


‘Accepted for publication December 1, 1958. 


July, or August in artificial resting places, in August or 
September in natural ones, and in July or August in 
light-trap collections. For measuring mosquito popula- 
tions in artificial resting places, the use of 1-cubic-foot 
cardboard boxes proved as reliable as 10-minute col- 
lections and 5-minute estimates. Data are also pre- 
sented on occurrence of blood-fed and gravid individuals 
and seasonal abundance of C. pipiens, C. stigmatosoma, 
and Anopheles freeborni, as they were observed during 
this 3-year study. 


ones on the east side. In addition, three artificial 
and two natural resting places were located at the 
base of the eastern foothills approximately 6 
miles beyond the nearest eastern valley floor 
stations. A gradual decrease occurred in the 
number of collection places during the 3-year 
period because of land developments within the 
study area. 

Each natural station was inspected for approxi- 
mately 3 minutes during the same hour of day in 
each survey. In the collection procedure (Mor- 
tenson 1953) the collector covered himself with 
mosquito netting and took a position so that the 
mosquitoes leaving the resting place would be 
contained within the net. The mosquitoes were 
activated by a light spray of chloroform from a 
flit gun directed into the entrance of the resting 
place. As the mosquitoes came to rest within 
the net they were collected by means of an 
aspirator. The artificial stations were also in- 
spected during the same hour of day in each 
survey; however, three sampling methods were 
employed: (1) total mosquitoes were counted 
during a 5-minute observation period; (2) a 10- 
minute collection was then made by aspirator; 
(3) a final count was made of the mosquitoes 
resting in cardboard boxes nailed to the walls of 
chicken house stations only. This latter sampling 
method was included in order to test the validity 
of using artificial resting units within an arti- 
ficial resting place. The artificial unit was a 1- 
cubic-foot cardboard box. These units were 
replaced frequently because of damage by 
chickens. In addition, seven American model 
(Mulhern 1953) light traps were operated four or 
seven nights each week throughout the summer 
seasons (May through October) of 1953 to 1956. 
These traps were all located in semi-urban areas 
around the northern, eastern, and southern peri- 
meter of the City of Stockton. 
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Larval surveys were conducted concurrently 
with the adult collections from January through 
April 1954, and February through May 1956. 
An extensive larval survey had been conducted 
from January through October 1953, in the same 
study area. Routine larval surveys were not 
made during 1955. 

All collections were identified upon return to 
the laboratory. Females with visible ovaries 
were considered gravid while those which had 
visible blood but externally inapparent ovaries 
were classified as blooded. All others were 
tabulated as empty. Identification of early 
larval instars were confirmed by rearing speci- 
mens to the fourth larval or adult stages. 


CULEX TARSALIS AS PERCENT OF 
TOTAL MOSQUITO COLLECTION 


Ecological Observations on Culex tarsalis 


mately 75 percent of the overwintering adults of 
this species collected were in artificial resting 
places (fig. 2). Since adult population trends in 
natural and artificial resting places appeared to 
be similar, all collections were combined (table 1). 
Although blood-fed C. tarsalis may be found from 
December through April, the data indicate that 
feeding activity is more pronounced during Feb- 
ruary and March. Ovarian development was 
evident from January through March, with a 
higher percentage of gravid specimens being 
found in March. Males were absent from all 
collections made during December through 
March. 

Culex pipiens Linnaeus? was the most abundant 
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STUDY PERIOD BY MONTHS 


Fic. 1.—Culex tarsalis as a percent of all mosquitoes collected from natural and artificial resting places, 
San Joaquin County, California, 1953-1956. 


RESULTS 

Meterological conditions applicable, in general, 
to the study area were obtained from the United 
States Weather Bureau Station, Municipal Air- 
port, at Stockton. Monthly rainfall and tem- 
perature records are presented in figure 3. Com- 
parable summer temperatures occurred each year 
while below normal temperature prevailed during 
the winter months of 1954-1955. The unusually 
high rainfall and resultant flooding of the study 
area during the winter of 1955-1956 destroyed 
many natural resting places. This contributed 
to the low number of specimens taken during this 
period and to the elimination of natural resting 
place inspections during the remainder of 1956. 


OVERWINTERING POPULATIONS 


C. tarsalis was usually the predominent species 
in natural resting places during the winter months, 
November to February (fig. 1), being about 
equally abundant in animal burrow and tree-type 
habitats. In actual numbers, however, approxi- 


species in natural resting places during November 
and December, but few specimens were recovered 
from January through April (fig. 3). This 
species was predominant in artificial resting 
places during all months of the winter-spring 
period and blood-fed females were found every 
month. Gravid specimens were taken from 
November through February and males were 
least abundant from January through April 
(table 1). 

Anopheles freeborni Aitken, the second most 
common species in artificial resting places (fig. 3), 
was found in the blooded condition from Decem- 
ber through April. The majority of blood-fed 
females appeared during March, and males ap- 
peared during March or April (table 1). 

*Throughout this paper, C. pipiens refers to the C. 
pipiens complex. Barr (1957) examined 40 male ter- 
minalia from this area, and found that 80 percent were 
similar to C. p. quinquefasciatus, 5 percent were similar 
to C. p. pipiens, and 15 percent were intermediate be- 
tween these types. 
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Table 1.—Predominant mosquito species collected from natural and artificial resting places during winter 
and spring months, 1953-1956 San Joaquin County, California 


Culex ta rsali s 


Date Pe ercent t (9 


Number 
collected 


Blooded | ee ay vid collected | | 


1953 
November...| 153 

December. . 135 
1954 


| 

Bem Number | 

ra 

a 

| 1031 
574 
139 
56 
27 
8 

1377 
791 


January... 64 
February 51 
March 17 
April 18 
November 
December. . 

1955 
January. 
February 
March 
April 
December. . 

1956 
January... 
February 
March 
April 





150 
74 
9 


*Not determined. 


Culex stigmatosoma Dyar’*, one of the most com- 
mon species in the study area during the summer 
months, was collected from natural resting places 
only during November and from artificial stations 
in extremely small numbers during one winter 
only (fig. 2). The relative absence of this species 
during the winter in both types of habitats sug- 
gests the possibility of adults overwintering in 
places yet to be found. 

Other species found in the resting places 
numbered less than 10 per cent of the total 
mosquitoes collected during the winter-spring 
months. These species were, in decreasing order 
of abundance: Aedes sierrensis (Ludlow), Culiseta 
inornata (Williston), Culiseta incidens (Thomson), 
Anopheles franciscanus McCracken, and Culiseta 
maccrackenae Dyar and Knab*. A. sierrenis and 
C. inornata were the only species found in the 
blooded condition, and no gravid specimens of 
any of these five species were found. 

LARVAL SURVEYS 

The earliest finding of C. tarsalis larvae was in 
March 1954 (table 2). Surveys made during 
1953 and 1956 showed that larvae first occurred 
during April. During that month the larval 
density of C. tarsalis was greater in rainwater 
pools in the nonstudy area (foothill region) than 
in the study area (valley floor). The larval 
density increased in the study area following 
agric ultural irrigation during the early summer 


§Stone (1958) has suggested two new synonymies: 
Culex peus Speiser (= stigmatosoma) and Culiseta particeps 
(Adams) (= maccrackenae). 


Culex pipiens 


A ineipbele s freeborni 


(@) | as Pee 


P ercent a 


Percent ( 9) 


Bloode d | Grav id 


‘ 
“ 


| 
| 
| 
| 








determined from the 


months (May-June). As 
and natural sources 


1953 survey, agricultural 
continued to produce C. farsalis in substantial 
numbers until the end of October. In contrast, 
the immature C. farsalis population in the foothill 
region decreased after the spring rains and was 
limited to small, permanent bodies of water (creek 
beds, small irrigation drainage ditches, and 
domestic sources). 


NATURAL VERSUS ARTIFICIAL RESTING PLACES 

The consistent appearance of C. tarsalis in 
natural resting places showed that this species 
used such habitats throughout the year (fig. 2). 
It was always the most abundant species in 
natural resting places during the winter months 
(November through March), as it usually was 
during the rest of the year (fig. 1). There was 
little difference between the average number of 
C. tarsalis collected from natural and artificial 
resting places during the winter months of 1953- 
1954, but during the two succeeding winters this 
species was slightly more abundant in artificial 
than in natural resting places. In the summers 
of 1954 and 1955 the numbers of C. tarsalis 
recovered from natural and artificial resting places 
were approximately equal. Artificial resting 
place collections exhibited major peaks of abun- 
dance in June 1954, July 1955, and August 1956, 
while natural resting place collections showed 
high densities in September 1954, and August 
1955 (fig. 2). Collections from both natural and 
artificial resting places indicated a_ gradual 
decrease in the C. tarsalis population during the 
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CULEX TARSALIS, NATURAL RESTING PLACES CULEX STIGMATOSOMA NATURAL RESTING PLACES 


AVERAGE NUMBER 
OF MOSQUITOES 
PER STATION 
INSPECTION 


25 wae 


AVERAGE NUMBER 
OF MOSQUITOES 
PER STATION 
INSPECTION 


1 





SURVEY 


SURVEY 
DISCONTINUED , SCONTIN 
: > 


1953 1954 


CULEX TARSALIS ARTIFICIAL RESTING PLACES CULEX STIGMATOSOMA ARTIFICIAL RESTING PLACES 


AVERAGE 

NUMBER OF 13.7 
MOSQUITOES 

PER STATION 
INSPECTION 

12 


AVERAGE NUMBER 
OF MOSQUITOES 
PER STATION 
INSPECTION 

6 

















1953 19&4 


NO SURVEY 


Fic. 2.—Comparison between the average numbers of mosquitoes collected from natural and artificial 
resting places, San Joaquin County, California, 1953-1956. 
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Table 2.—Initial occurrence of mosquito larvae by date, location, and species 


Study area 
(Valley floor) 


Dates 


1953 
February 23 
March 10 
March 24 


. melanimon* 
*, incidens 
April 14... . nigromaculis 
1954 

March 4 

March 17 


*, tarsalis 


March 31 


April 12... *, tarsalis 
1956 
March 14 
April 12... 


”, incidens 
A. nigromaculis 


rainwater fc. 


irrigation 


rainwater 


irrigation 


-rainwater 
irrigation 
A. melanimon—irrigation 
’, tarsalis—irrigation 


Non-study area 
4 (Foothill region) 


C. inornata—rainwater 
inornata—rainwater 
Culiseta spp.»—rainwater 
A. melanimon—rainwater 
Culiseta spp. C. tarsalis, 
A. vexans, A. dorsalis 


Culiseta spp.—rainwater 

Culiseta spp., C. tarsalis— 
rainwater 

Culiseta spp., C. tarsalis— 
rainwater 

Culiseta spp., C. tarsalis, 

A. dorsalis 


Culiseta spp.—rainwater 

C. tarsalis—rainwater 

C. tarsalis—rainwater 

A. nigromaculis—rainwater 


“This species in this area was previously identified as Aedes dorsalis (Meigen) (Bohart 1956). 


b’C. incidens and C. inornata. 


3-year period. Light trap indices showed peak 
occurrences of C. tarsalis during August of each 
year except 1954, when the greatest density was 
in July (fig. 4). These major peaks denote a 
pattern of occurrence similar to that shown by 
resting places. The gradual decrease in the C. 
tarsalis population during the 3 years was also 
evident in the light trap data. 

Other common species show a different seasonal 
occurrence from that of C. tarsalis. C. pipiens 
was never recovered in large numbers from natural 
resting places during the warm summer months 
(fig. 3). Collections from artificial resting places, 
however, showed that C. pipiens followed C. 
tarsalis and C. stigmatosoma in order of occurrence 
throughout the summer months, during which 
time this species gradually increased and became 
the dominant mosquito from October through 
December (fig. 2, 3). C. stigmatosoma appeared 
in natural resting places in May, and during the 
summer months was, in such places, almost as 
abundant as C. tarsalis. The numbers of this 
species declined in the fall and it was not found 
in both types of resting places examined from 
December through April (fig. 2). Very few A. 
freeborni were found in natural resting places and 
large numbers were taken in artificial ones only 
during the fall and winter (September to January) 
(fig. 3). 

The greatest number of C. tarsalis recovered 
from a natural resting place was 145 (48 males, 
97 females) in August 1954. This was also the 
largest total collection (all species) from a natural 
resting place. The greatest variety of species 
found in a natural resting place was in September 


1954 (C. tarsalis, 9; C. stigmatosoma, 6; C. pipiens, 
11; A. freeborni, 2; and Aedes melanimon Dyar, 1. 


COMPARISON OF ADULT POPULATION 
MEASUREMENT METHODS 

The seasonal trends of the adult mosquito 
population as indicated by three sampling 
methods were similar during each year of the 
study. Population trends determined by the 5- 
minute estimate and 10-minute collection meth- 
ods showed a striking similarity (fig. 5). This 
was expected, since the 5—minute estimate usually 
showed the inspector the areas of greatest adult 
concentration within each station and thereby 
provided a more efficient 10-minute collection. 
The major peaks of mosquito abundance within 
the chicken house stations occurred during 
October in the years 1953 to 1955, and during 
August in 1956. The high density of mosquitoes 
during each October was due to the large number 
of C. pipiens and A. freeborni. The minor peaks 
of abundance evident from May through July 
were largely the result of Culex species in the 
following order of occurrence: C. tarsalis, C. 
stigmatosoma and C. pipiens. 


DISCUSSION 

The results of this study parallel earlier findings 
of blood-fed and gravid C. tarsalis in California in 
artificial resting places by Brookman (1950) from 
January through March in Kern County, and in 
natural resting places by Mortenson (1953) during 
these same months in Kings and Fresno Counties. 
Areas studied by these workers were approxi- 
mately 200 and 100 miles south, respectively, of 
the present study area. More recent evidence by 
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MONTHLY TEMPERATURES AND PRECIPITATION RECORDS ULEX PIPIENS ARTIFICIAL RESTING PLACES 


MEAN TEMPERATURE PRECIPITATION 1429 
(IN DEGREES) N Cj (IN INCHES)| 1400 


80 ; —— ———_—_—_————. 59 








ANOPHELES ARTIFICIAL RESTING PLACES 


AVERAGE NUMBER CULEX PIPIENS, NATURAL RESTING PLACES 
OF MOSQUITOES PER —>— 

STATION INSPECTION 

250 


AVERAGE N 
STATION 
15 


SURVEY DISCONTINUED 


rn 


* NO SURVEY 


Fic. 3.—Comparison between the average numbers of mosquitoes collected from natural and artificial resting places, 
and monthly temperature and precipitation records, San Joaquin County, California, 1953-1956. 
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Reeves et al. (1958) shows that blood feeding and 
ovarian development by C. ftarsalis in Kern 
County are greatly reduced from the middle of 
October through the middle of January ;over 
20 percent of the females were blood-fed or gravid 
during the remainder of the year. Extremely few 
blood-fed or gravid C. tarsalis were collected by 
the present writers during November and Decem- 
ber. Jenkins (1950), in a review of the bionomics 
of C. tarsalis, stated that “males die in the fall 
months and females overwinter in such protected 
places as buildings, cellars, and caves’. Evidence 
from this study supports the view that males 
disappear during the late fall, since none was 
collected in natural or artificial resting places 
from December through March. 


AVERAGE NUMBER CULEX TARSALIS FEMALES 
PER LIGHT TRAP NIGHT 


20 


JULY 
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Valley showed that, in some areas, there is a 
continous development of this species throughout 
the year. Brookman also believed that the bulk 
of the adult population rested in natural shelters 
(grass, shrubs, cut-banks of streams, tree-holes, 
caves, and rodent burrows). Stuntz (1952), 
working in the Sacramento Valley from September 
through December, also collected C. tarsalis in 
greater numbers from rodent burrows than from 
wooden buildings. 

The overwintering habitats described for C. 
tarsalis in the more northerly limits of its distri- 
bution are different from those described in this 
and other studies made in California. Although 
Keener (1952) did not investigate natural resting 
places in Nebraska, he inspected numerous types 


SEPTEMBER OCTOBER 


Fic. 4.—Light-trap collections of Culex tarsalis in the vicinity of Stockton, 


San Joaquin County, 


C. tarsalis females were extremely scarce from 
March through April in both types of resting 
places. In this area, and possibly in the more 
northerly regions of the Central Valley, the over- 
wintering females apparently oviposit during the 
early spring months, March to April. This 
period coincides with the first appearance of C. 
tarsalis larvae in rain and irrigation water. 
Females may overwinter in a variety of natural 
habitats and no preference was shown for animal 
burrows as opposed to tree-type habitats. 
Mortenson (1953), however, found proportionally 
larger numbers of C. tarsalis females in animal 
burrows than in driftwood piles. The sampling 
method used by Mortenson, as well as in this 
study, is more effective in collecting mosquitoes 
from animal burrows since the mosquito net can 
be better placed around burrow entrances than 
around tree stumps or uprooted ends of fallen 
trees. 

The studies by Brookman (1950) on C. tarsalis 
in the warmer southern region of the San Joaquin 


valifornia, 1953-1956. 


of artificial resting places and found large numbers 
of C. tarsalis only in food storage cellars. A 
longer overwintering period probably occurs in 
Nebraska, since Edmunds (1955) reported that 
C. tarsalis larvae were not collected from Novem- 
ber through April. A similar seasonal occurrence 
of C. tarsalis larvae in Utah was reported by Rees 
(1943). Dow et al. (1956) found that adult C. 
tarsalis in abandoned mine tunnels in northern 
Utah were not able to overwinter successfully. 
Although large numbers were present during 
December and January, by March none were to 
be found. 

Also of interest are the records on other species 
which were encountered during this study. C. 
pipiens appeared to overwinter in artificial rather 
than natural resting places. The investigations 
of Dow et al. (1956) in Utah showed that C. 
pipiens greatly outnumbered C. tarsalis in a mine 
tunnel and that the population decreased less 
rapidly than did that of C. tarsalis. 

C. stigmatosoma was the least abundant of 
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all Culex species found in both natural and 
artificial resting places from December through 
April. In a study by Washino (1956), C. 
stigmatosoma was not found in artificial rest- 
ing places during December and January and 
no mosquitoes were found in rodent burrows 


AVERAGE NUMBER 
OF MOSQUITOES 
PER STATION 
'NSPECTION 


ESTIMATE 
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which had been dug out during this time. The 
latter observation is especially pertinent, since 
the present collection technique utilizing chloro- 
form may not be the most efficient method of 
finding specimens which may have rested in 
deeper recesses of natural resting places. There 


COLLECTION 


AVERADE NU'BER 
OF MOSQUITOES 
PER STATION 
INSPECTION 


60 


BOX COUNT 


AVERAGE NUMBER 
OF MOSQUITOES 
PER STATION 
INSPECTION 


NO SURVEY 


5.—Comparison of three methods of measuring adult mosquito populations in chicken houses, 
San Joaquin County, California, 1953-1956. 
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is the possibility that some mosquitoes are killed 
by the chloroform. A better technique for col- 
lecting specimens from natural resting places is 
needed, and particular attention should be given 
to the chemicals used to activate mosquitoes. 

The occurrence of blood-fed and gravid 4A. 
freeborni during January through March in arti- 
ficial resting places was expected since Freeborn 
(1932) found these months to be the period of 
maximum adult activity and dispersal. The 
small number of specimens found in natural 
resting places was unexpected since Mortenson 
(1953) recovered many specimens from similar 
habitats in Fresno and Kings Counties. Al- 
though Ryckman and Arakawa (1951) found only 
A. freeborni in wood rat (Neotoma) nests during 
February in Southern California, examination of 
additional nests from November through Feb- 
ruary resulted in the collection of more C. tarsalis 
than any other species (Ryckman and Arakawa, 
1952). It would appear that if natural resting 
places of the type inspected in the present study 
area of the Central Valley were preferred habitats 
for A. freeborni, more specimens would have been 
collected. In artificial resting places the greatest 
density of adults of this species occurred from 
September through January. This correlates 
with the peak of larvae in August and September 
observed by Markos (1951) and Markos and 
Sherman (1957). 

Since more C. tarsalis are found in natural than 
in artificial resting places throughout the year, this 
mosquito is less domestic than is C. pipiens. 
Earlier work in the Southern region of the Central 
Valley by Reeves et al. (1948) showed that 
residual DDT treatment of man-made shelters 
reduced the numbers of C. tarsalis in such places 
but had little effect on the overall population in 
the area. It was concluded that a greater pro- 
portion of the C. tarsalis population must exist in 
natural resting places and that control operations 
would be more effective if aimed at the aquatic 
stages. 

More C. pipiens are found in artificial than in 
natural resting places at all times of the year. 
C. stigmatosoma is about equally common in 
natural and artificial resting places during the 
summer months; its winter habitat is unknown. 
Trends in the A. freeborni population can be 
followed most successfully in artificial resting 
places. 

Data from resting places and light traps indi- 
cated a decrease in the C. tarsalis population from 
1953 through 1956. The effect of mosquito 
abatement, started in this area during 1955, is 
first evident from collection data on C. pipiens. 
Control operations during this year were aimed 
primarily at domestic sources. Expansion of 
mosquito control during 1956 was probably 
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largely responsible for the population decrease of 
both C. tarsalis and Anopheles species. The 
seasonal population trend of C. tarsalis in the 
present study area is, in general, similar to results 
from studies made in other regions of California. 
Brookman (1950) found that in the southern San 
Joaquin Valley, C. tarsalis attained its greatest 
adult density in man-made shelters during July 
and August. The population trend for the entire 
Central Valley as determined from surveys of 
artificial resting places during 1949-1951 was 
shown by Loomis (1953) to reach a moderate 
peak during May and a higher and broader peak 
from July through September. During the flood 
year of 1952 the greatest density was recorded 
during July and the characteristic second peak 
was hardly evident. Light trap collections within 
the Central Valley during 1953 and 1954 showed a 
sharper peak during August and the first part of 
September (Loomis 1955). Similarly, the great- 
est density of C. tarsalis occurred from the middle 
of July through the middle of August in the 
Sacramento Valley and from August through the 
middle of September in the San Joaquin Valley. 

Comparison of three adult mosquito measure- 
ment methods showed that the cubic-foot box 
could be successfully used to follow seasonal 
population trends. Although the box counts 
were of a low magnitude, mosquito population 
trends could be followed as well as by either the 
10-minute collections or 5-minute estimates. 
The low box counts, however, do not reflect 
sudden changes in population density as well as 
do the estimates and collections. The ratio 
between estimate and collection counts is much 
higher for the year 1956 than those for 1953 to 
1955. In explanation, the junior author made 
almost all inspections except those in 1956. Al- 
though each of the three methods has its merits 
and limitations, the adoption of any one method 
depends on the objective, the species and environ- 
ment under consideration, and the type of 
personnel available. 
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PREDATION AND SURVIVAL OF LIMONIUS AGONUS SAY 
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ABSTRACT 


Cannibalism among newly hatched, confined larvae 
of L. agonus suggested that survival might be dependent 
on an animal meal in early instars, and that lack of such 
food might account for previous failures to rear these 
larvae in isolation. In the present tests, isolated, newly 
hatched larvae were offered dried liver, sugar, yeast, 
honey, potato, potato roots, and dissected or whole 
insects. They fed on all these foods (except Collembola), 
but molted only when animals were provided as food. 
In contrast, larvae of the non-cannibalistic Agriotes 


Complete mortality of isolated first-instar 
larvae of the eastern field wireworm, Limonius 
agonus (Say), has been a limiting factor in the 
laboratory study of this species. Only Begg 
(1957) has succeeded in rearing L. agonus from 
egg to adult. His attempts to rear isolated indi- 


viduals resulted in death of the larvae before the 
first moult, where mortality occurred even after 
these insects had fed on plant tissues. 

High mortality rates among confined larvae 
observed in this laboratory, and the predation and 
cannibalism observed in the field (Begg, corre- 
spondence 1957) led to the hypothesis that animal 


foods might be required in the diet of this wire- 
worm. When newly hatched larvae were grouped 
for the first six weeks and then isolated, the sur- 
vivors lived to complete most of their develop- 
ment. This was the technique used by Begg 
(1957) in his successful studies. 

In the work with L. agonus, it was early noted 
that this species is extremely active and that 
confinement with other larvae of the same species 
resulted in reduction in numbers. The same 
behavior was also observed for Clenicera tarsalis 
(Mels.). By contrast, many larvae of Melanotus 
sp. could be confined in small spaces and, although 
a number of larval injuries were noted, slight, if 
any, reduction in numbers occurred. Confined 
larvae of this species often show evidences of 
attack, as indicated by broken darkened areas of 
the integument. On the other hand, larvae of 
A. mancus could be confined with members of 
their own species without either reduction in 
numbers or apparent injury. Certainly these 
observations indicate that two of these species 
are intermediate in behavior between true plant 
feeders and true predators, and the purpose of 
this communication is to demonstrate that one 
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mancus fed on all foods except insects, and molted only 
when plants were provided as food. As a possible test 
of predation in the field, Z. agonus and another cannibal- 
istic wireworm, Ctenicera tarsalis, were compared with 
two noncannibals, A. mancus and Melanotus sp., for the 
amounts of potassium and sodium in the whole body. 
The cannibalistic species had less of both these elements 
than did the plant feeders, but in all four species the 
potassium content was greater than the sodium content. 


of these, L. agonus, is predacious and dependent 
on this predation for survival. 


PROCEDURE 


Larvae used in these tests were obtained from 
eggs recovered from oviposition chambers (Kring 
1955). These eggs were hatched under distilled 
water. 

To test the effect of predation and cannibalism 
on survival of L. agonus, isolated newly hatched 
larvae were offered plants and animals or portions 
and extracts of both as food. These were pre- 
sented by placing the food substance in the center 
of a water-soaked filter paper. The test con- 
tainer was a 70 mm. plastic petri dish. For com- 
parison, similar tests were made with A. mancus, 
a known plant feeder (Becker 1956). All tests 
were conducted at 70°+2°F. 

Three criteria were used to judge if a food was 
satisfactory. These were color of the gut con- 
tents, mobility, and successful completion of the 
first molt. In newly hatched larvae the gut 
contents were clear. Once feeding was begun, 
the contents of the gut darkened (fig. 1). Healthy 
larvae, when they were not feeding or preparing 
to moult, were very active. During feeding tests 
records were kept of both gut color and activity. 
Both of these records were expressed as five-point 
scales. Activity of the larvae after exposure to 
food was graded as follows: 0, immobile; 1, 
slight body movements; 2, uncoordinated move- 
ment; 3, coordinated movement; 4, verv active. 
The color of the gut contents following the same 
exposure to food was graded as follows: 0, 
clear; 1, very light; 2, light, shape of gut obvious; 
3, dark; 4, dense. 

Relative amounts of sodium and potassium 
present in the blood of certain insects have been 
used to separate plant- and animal-feeders (re- 
view by Buck 1953). Since Buck (1953) indi- 
cated that this ratio was stable, it was decided to 
test whole animals. Flarne-photometer readings 
of these two elements were made for individual 
larvae and expressed as the percent of the element 
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of the live weight. Measurements were made of 
field collected larvae of four species. Two of 
these, L. agonus and C. tarsalis, are cannibalistic, 
and two, Melanotus sp. and A. mancus, are not. 

The mean live weights of each group were: 
A. mancus, 14.56 mg.; L. agonus, 22.0 mg.; C. 
tarsalis, 36.3 mg.; and M. sp., 67.5 mg. 


Fic. 1.—First-instar larvae of A griotes mancus, 
showing gut following feeding. 


RESULTS 


The results obtained in replicated tests con- 
ducted during a 2-vear period are summarized in 
table 1. Portions of insects were the only com- 
pletely satisfactory foods for L. agonus. In con- 
trast, for A. mancus, potato was the only com- 
pletely satisfactory food. When portions of 
plants and animals were combined and provided 
as food, only L. agonus was able to complete its 
development to the first moult. Only a low per- 
centage of A. mancus actually moulted in these 
tests; the mean was 20 percent. Wide variation 
in numbers of larvae completing the first moult 
occurred between tests with L. agonus. The 
mean was 62 percent, but the range was from 20 
to 95 percent. 

The period for completion of the first moult by 
L. agonus was 14 to 21 days (mean 18 days) after 
first contact with food. The shortest period 
observed for A. mancus was 27 days. 

Neither gut color or activity (alone or com- 
bined) were satisfactory criteria to judge the 
worth of a given food. 

Mandible activity was quite interesting. The 
larvae were observed to move their mandibles 
rapidly when they came very near or in first 
contact with an “acceptable food.’’ This seemed 
to have more to do with concentration than the 
type of food offered. However, test foods con- 
sisting of portions of animals elicited no response 
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from A. mancus. The response was positive for 
all “foods” presented to L. agonus in these tests, 
except Collembola. 

In an effort to show that these observations 
were not an artifact of confinement, whole field- 
collected larvae, of four species, were tested 
individually for amounts of potassium and 
sodium. The results of this test are presented 
in fig. 2. The two cannibal species represented 
by the figures C and L had less of both elements 
than the noncannibal species, A and M. In all 
of these the ratio was in favor of potassium. 
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Fic. 2 —Relative amounts of potassium and sodium 
(percent Jf live weight) in bodies of two cannibal wire- 
worms, Ctenicera tarsais (C) and Limonius agonus (L), 
and two plant-feeding wireworms, Agriotes mancus (A) 
and Melanotus sp. (M). Each point represents the result 
of flame-photometer analysis for an individual larva. 


DISCUSSION 


Three problems are found in the biology of L. 
agonus. These are: first, that this species is 
restricted to sandy soils; second, that high popula- 
tions occur only after continuous cultivation for 
at least 3 years; and third, that drastic changes 
in numbers occur in some segments of the popula- 
tion. These changes are much greater than we 
would expect for a species that may require 3 to 
5 years to complete its development. 

The first two problems are expressions of the 
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Table 1.—Summary, showing effects of various foods on activity and development of first-instar, 


cannibal (L. agonus) and noncannibal (A. mancus), wireworms 


Food 


Activity 


Potato, plugs, roots 
Yeast... 

Sugar.. 

Liver, powdered.... 
Liver and yeast 
Liver+yeast+sugar. . 

Honey dah nee’ ; 

Rye, germinating seeds. 
Potato+liver. 

Potato+liver+ yeast 
Potato+wireworm 

Mealworm Medes 
Potato+wax moth larvae. . 
Wireworm 

Wax moth larvae.. 

Collembola, whole and portions. 


oviposition behavior of the adult female. Begg 
(1957), in his study of the biology of this species, 
pointed out that the adult female usually ovi- 
posits in loose, cultivated soil. Kring (1957) 
has shown that the adult female selects the ovi- 
position site on the basis of particle-size of sand. 

The third problem is more complex. The 
failure of newly hatched larvae to survive in any 
given vear might result in the sudden disap- 
pearance of the species. However, uneven rates 
of development (Morill and LaCroix 1937; and 
Begg 1957) and feeding (Greenwood 1945; and 
Beard 1946) indicate that this may not be a major 
factor. Davis (1957, 1958) has reported similar 
irregularities in development and feeding for 
Clenicera aeripennis destructor (Brown). 

Since Begg (1957) has reported that the eggs 
of L. agonus are one-quarter of an inch apart in 
the oviposition tunnel, the nearest meal is prob- 
ably another wireworm egg or larvae. The 
sudden and drastic changes in populations of this 
species might be the result of cannibalism. 

The results of these experiments and those 
reported by Begg (1957) show that one reason 
for failure to rear isolated individuals of this 
species has been an incomplete diet. Canni- 
balism or predation by this species provides the 
complete diet necessary for survival. 

Horst (1922) and others have assumed that 
predation and cannibalism among plant feeders 
were artifacts of confinement and that under 
field conditions, in the presence of food, such did 
not occur or was of minor importance. However, 
Dobrovsky (1954) has presented results that 
indicate that the wireworm Conoderus vagus 
Candeze requires animal food to complete its 
development. This species has been reported to 
damage potatoes and sod. This observation for 
C. vagus and the evidence presented here for L. 
agonus demonstrates a definite group of wire- 
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worms that are intermediate between those that 
feed only on plants and those that feed only on 
invertebrate animals. Not only has the de- 
pendency of this species on predation been over- 
looked, but also the amount that occurs may have 
been underestimated. Lipa (1958) found that 
control of wireworms resulted in increased damage 
by maggots. This suggested to him that preda- 
tion by wireworms had been underrated. 

Begg (1957) reported that a few larvae pupated 
after six moults. Since L. agonus moulted about 
3 weeks after first feeding, the larvae studied by 
Begg (1957) could have moulted at least once 
before they were isolated and his measurements 
are probably of the second or third instar. 
Hawkins (1936) reported the first instar of A. 
mancus was completed from 57 to 66 days after 
hatching. Here this period was much shorter. 

Thorpe et al. (1947) and Crombie and Darrah 
(1947) have demonstrated orientation and biting 
reactions to a number of substances. It is 
interesting here that both species responded with 
the biting reaction to most of the ‘‘foods”’ tested. 
However, the failure of A. mancus to respond to 
insect tissues indicates that this species may have 
a quite different behavioral pattern from that of 
the Agriotes spp. studied in England. Thomas 
(1940) and Becker (1956) recorded several obser- 
vations of predation among species of A griotes. 
A. mancus was not one of these species and this 
may be one of the differences between A. mancus 
and the Agriotes spp. of England. 

Observations under natural conditions of the 
predatory activity of soil insects are under- 
standably few. To determine the predatory activ- 
ity of carabid larvae on wireworms, Fox and 
MacLellan (1956) successfully used a precipitin 
test. However the predation here is not as 
specific as they reported. For this reason the 
method reported here was used. 
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While the method of using amounts of sodium 
and potassium to distinguish between plant- and 
animal-feeding wireworms needs further investi- 
gation, it does separate the four species into two 
natural groups. Attempts to alter the ratio of 
these two elements by feeding one group of L. 
agonus larvae on Galleria and another on potato 
were not successful. This could be expected from 
the work reviewed by Buck (1953), where it 
appeared that this ratio was fixed. However, 
Chapman (1958) has showed that in the blood 
of the red locust, Nomadocris seplemfasciata 
(Serv.), potassium concentration varied hourly 
while sodium was constant through the day. 
The variation was related not to the state of 
feeding, but rather to increase of heat during the 
day. 
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ABSTRACT 


Larvae survived as well in sterilized as in unsterilized 
soil for 40 weeks; at 60 weeks, 77 percent of the larvae 
survived in unsterilized soil and 32 percent in sterilized 
soil. They lost more weight in sterilized than in un- 
sterilized soil. Measurements of cast skins of larvae 


Recent work on the prairie grain wireworm, 
Clenicera aeripennis destructor (Brown) (Davis 
1957), and with the Puget Sound wireworm, 
Clenicera aeripennis aeripennis (Kby.) (Davis, 
1959), showed that the larvae are not always 


‘Contribution No. 17, Canada Department of Agri- 
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that molted more than once indicated that 5 larvae 
increased in size, 12 remained the same, and | became 
smaller. These findings support the theory that the 
occurrence of molting and the number of molts in insects 
are not rigidly regulated. 


heavier after molting. Similar observati ns have 
been made concerning Carausius morosus (Br.) 
and Tenebrio molitor L. (Teissier 1928), Tineola 
bisselliella (Hum.) (Titschack 1926), and ‘‘Trogo- 
derma tarsale (Melsh.)”’ (Riley 1883). Wodsedalek 
(1912, 1917) showed that larvae of 7. tarsale 
could withstand more than a year of starvation 
and, like those of 7. bisselliella reared on un- 
satisfactory food (Titschack 1926), they decreased 
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newly hatched 
of starvation 


in size, sometimes to that of 
larvae. To determine the effect 
on survival and growth of larvae of C. a. aeri- 
pennis, the larvae were maintained without 
food for a period of 60 weeks in unsterilized and 
in sterilized soil. 


MATERIALS AND METHODS 


The larvae initially weighed 82.3 to 156.4 mg. 
and averaged 112.4. They were reared indi- 
vidually in screw-cap vials containing soil of 27 
percent moisture saturation in a constant tem- 
perature cabinet at 68+2° F. and 50+5 percent 
relative humidity. Four replicates of 10 larvae 
each were tested in soil that had been dried at 
186° F. for 1 week and brought to the desired 
humidity with distilled water. Four other repli- 
cates of 10 larvae each were prepared similarly 
with soil that had been sterilized by heating to 
248° F. for 4 hours and allowed to cool to room 
temperature on 3 successive days. 


Table 1.—Average percentage of large larvae of 
C. a. aeripennis surviving when maintained in 
unsterilized and in sterilized soil without 

food for pares up to 60 w eeks 


Sterilized Value of 


Unsterilized 
i | soil P 


soil 
97 77 <0.20 
92 67 <0.20 
87 | 57 | <0.05 
77 32 | <0.01 


Each week, the larvae were weighed to the 
nearest 0.1 mg. and were transferred to vials of 
fresh soil. Each cast skin was placed in a 
gelatine capsule with a record of the date on which 
it was removed from the soil and with the identi- 
fying number of the larva. 

To determine size, the greatest distances be- 
tween the bases of the maxillary palps of the 
exuviae (McDougal! 1934) of larvae that molted 
more than once were measured with a squared- 
field ocular, calibrated in millimeters, in a binocu- 
lar microscope. 

Students’ / test was applied to data obtained 
after 30, 40, 50, and 60 weeks of rearing. Dif- 
ferences between the percentages surviving in 
unsterilized and in sterilized soil and between the 
changes in weight in the two types of soil were 
determined at the five-percent level. 

RESULTS 

Up to 40 weeks as many larvae survived in 
unsterilized as in sterilized soil. After that 
period, more survived in unsterilized than in 
sterilized soil (table 1). 

Larvae reared in unsterilized soil maintained 
their original weights during the first 30 weeks 
(table 2). Thereafter, they lost weight progres- 
sively as the period of starvation increased. 
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Larvae reared in sterilized soil began losing weight 
before 30 weeks had elapsed (table 2). As the 
investigation continued, they lost progressively 
more weight. In all cases, the larvae reared in 
sterilized soil lost significantly more weight than 
those in unsterilized soil. 


Table 2.—Average change in weight in milligrams per 
milligr: am of initial weight of large larvae of 
C. a. aeripennis maintained in unsterilized 
and in sterilized soil without food for 
periods up to 60 weeks 





= or 
Unsterilized | Sterilized 
se il soil 


5 = 
| V ey of 


Weeks 


30 +0. ol 
40 —0.04 
50 —0.17 
) —0.28 


<0.05 
<0.01 
<0.01 
<0.05 


—0 07 
—0.17 
—0.33 
—0.44 


Only 5 larvae out of 18 were lighter after the 
first molt; the others were heavier (table 3). 
All lost weight after subsequent molts. Measure- 
ments of cast skins indicated that the head 
capsules of 5 larvae were larger after molting, 
those of 12 were the same size, and that of 1 was 
smaller. 

DISCUSSION 

Apparently after lengthy periods of starvation, 
micro-organisms can play an important part in 
the survival of larvae of C. a. aeripennis, for more 
survived after 40 weeks in unsterilized than in 
sterilized soil (table 1). The high survival in 
unsterilized soil, even after 60 weeks, also sug- 
gests that food limitation through summer fal- 
lowing is not an important factor in controlling 
this species of wireworm after the larvae have 
reached a certain size. Because these larvae were 
collected in the Whitefox, Sask., area, which has 
an annual growing season of about 110 days 
(Anon., 1957, p. 6), the 60 weeks that they were 
subjected to starvation would equal at least 
three years in the field. 

McDougall (1934) studied seven species of 
Heteroderes and nine species of Lacon supplied 
with adequate food. With each molt, the width 
of the ventral mouth parts increased, approxi- 
mately in an arithmetic progression. He sug- 
gested that each ecdysis represented the beginning 
of a new instar and that successive instars were 
physiologically closer to the adult stage. In the 
present investigation, the width of the ventral 
mouth parts did not always increase with ecdysis 
(table 3). Therefore, starving larvae of C. a. 
aeripennis do not conform to the general pattern 
observed in fed individuals of the Australian 
species. A certain minimal size is probably 
required for pupation of any insect. If this is so, 
the present observations suggest that the number 
of molts is not always constant in larvae of C. a. 
aeri pennis. However, they are not unique in 
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Table 3.—Post-ecdysial changes in weight, and distances between bases of maxillary palps, of individual 
large larvae of C. a. aeripennis maintained in unsterilized or sterilized soil without 
food for 60 weeks 
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*Reared in sterilized soil. 


this regard. Larvae of T. molitor (Riley 1883; 
Singh-Pruthi 1925), T. obscurus (Riley 1883), T. 
tarsale (Riley 1883; Wodsedalek 1912, 1917; 
Teissier 1928), and 7. bisselliella (Titschack 1926; 
Griswold 1944) have a variable number of molts, 
dependent upon food conditions. 

When semistarved or deprived of food, larvae 
of I. tarsale remained the same size after ecdysis 
(Riley 1883) or became smaller (Wodsedalek 
1917), and larvae of T. bisselliella became smaller 
(Titschack 1926). It is not remarkable, there- 
fore, that one larva of C. a. aeripennis decreased 
in size under similar conditions. 

The five larvae of C. a. aeripennis that showed 
an increase in width of the ventral mouth parts 
but decreased in weight after ecdysis are similar 
to larvae of T. molitor (Teissier 1928). 

The results obtained with larvae of C. a. 
aeripennis are similar to those reported by 
Titschack (1926) and by Teissier (1928). They 
lend support to the theory that in insects neither 
the number of molts nor the occurrence of molt- 
ing is rigidly regulated. 
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GROWTH AND FEEDING BEHAVIOR OF LARVAE OF THE PUGET SOUND 
WIREWORM, CTENICERA AERIPENNIS AERIPENNIS (KBY.), (COLEOPTERA: 
ELATERIDAE) ON CARROT SLICES AND SEEDS OF WHEAT, FLAX, 
BARLEY, RYE, AND ALFALFA' 
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Entomology Section, Canada Department of Agriculture Research Laboratory, Saskatoon, Sask. 


ABSTRACT 


Medium-sized larvae (2.5-78.7 mg.) fed most fre 
quently on rye or wheat, less on carrot or flax, and least 
on barley, alfalfa, or a combination of the six foods. 
Large larvae (81.0-182.3 mg.) fed most frequently on rye 
or wheat, less on flax, and least on alfalfa, carrot, barley, 
or a combination. When provided with all six foods, 
medium-sized larvae ate three foods as often as one, and 


Brown (1935), in his description of Clenicera 
aeripennis destructor, stated that Prof. E. H 
Strickland, University of Alberta, had obtained 
some evidence that the life history of this sub- 
species differed from that of C. a. aeripennis 
(Kby.). Davis (1957) studied the growth and 
the behavior of larvae of C. a. destructor when 
they were reared in soil with various natural 
foods. This is a report on growth and feeding 
behavior of larvae of C. a. aeripennis reared on 
the same foods and under the same conditions. 


METHODS 


The procedure was the same as that followed 
when larvae of C. a. destructor were studied 
(Davis 1957), except that the upper limit of 
weight for medium-sized larvae was increased 
because of the size of C. a. aeripennis. Medium- 
sized larvae weighed 2.5 to 78.7 mg. and averagep 
44.3; large larvae, 81.0 to 182.3 mg. and averaged 
105.4. The tests were carried out with 10 larvae 
in each of two replicates for larvae of each size 
(Group A), except when medium-sized larvae 
were reared on carrot slices, alfalfa seed, or a 
combination of foods and when large larvae were 
reared on a combination of foods. In these 
cases, four replicates of 10 larvae each were 
used (Group B). 

Are-sine transformations were applied to the 
data. Differences between effects of various 
foods on molting, feeding, survival, and change 
in weight were determined by analysis of variance 
at the five-percent level. 


RESULTS 


Medium-sized larvae fed most frequently when 
rye or wheat was provided and least when barley, 
alfalfa, or a combination of the six foods was 
supplied (table 1). They fed less often on carrot 
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large larvae a single food more often than a combination; 
the three foods selected most often by medium-sized 
larvae were wheat, rye, and carrot. Differences in 
feeding, molting, and change in weight between larvae of 
different sizes, and between larvae of this subspecies and 
those of Ctenicera aeripennis destructor (Brown) are 
discussed. 


slices than on rye or wheat, but oftener than on 
flax. More than 40 percent of the survivors fed 
every week when only rye, wheat, or carrot was 
supplied, and less than 32 percent fed when flax, 
barley, alfalfa, or a combination of all the foods 
was provided. 

Large larvae fed most frequently on rye or 
wheat, less on flax, and least on alfalfa, carrot, 
barley, or a combination of the six foods (table 1). 
Thirty percent of the survivors fed each week on 
rye, wheat, or flax, and less than 25 percent on 
alfalfa, carrot, barley, or the combination. 

When they were provided with a combination 
of the six foods, about 25 percent of the surviving 
medium-sized larvae fed each week. Medium- 
sized larvae ate three foods as often as a single 
food and oftener than two, four, five, or six foods. 
When they selected a single food, they fed on 
wheat more frequently than on any other food 
(table 2). When they ate three foods, the larvae 
chose a combination of wheat, carrot, and rye in 
preference to any other combination. Barley 
was included to a greater extent than flax when 
the larvae ate several foods and alfalfa was 
selected only once in 270 instances of feeding.” 

Almost as many large as medium-sized larvae 
fed each week when they were provided with a 
combination of the six foods (table 2). They dif- 
fered from medium-sized larvae in that 48 percent 
of the instances of feeding occurred on a single 
food and only 19 percent occurred on a combina- 
tion of three foods. 

When medium-sized larvae were provided with 
a single food, the number of molts during the 30- 
week period varied from none to four and averaged 
two. With a combination of foods, it varied from 
one to three and averaged two. The average 
duration of the intermolt period was 7 weeks 
when six foods were provided, one week longer 
than with a single food. As many larvae molted 
each week on one food as on another (table 3). 

When large larvae were provided with a single 
food, the number of molts that occurred during 
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Table 1.—Average weekly percentages and ranges (angular transformations) of surviving medium-sized 


Medium-sized larvae 


. 
Food | Average Range 


Group A 
Rye... 47 | 15.3-72.5 
Wheat. 44 | 25.1-60.0 
Flax. . 34.4 0.0-56.1 
Barley. 30 0.0-53.7 
Group B 
Carrot. 39. 4-68 .9 
Alfalfa. 27.6 | 12.9-42.1 
Combination. 30 | 2-61 .3 
L.S.D. at 5% level 
Members of 
Group A... 
Members of 
Crown. 68... 
Between Groups 


A and B... 


| 
| 


the 30-week period varied from none to five and 
averaged two. With a combination of foods, it 
varied from none to two and averaged one. The 
duration of the intermolt period was one to more 
than 30 weeks in each case, with an average of 
8 weeks in the first instance and 11 weeks in the 
second. Large larvae molted less frequently 
when reared on carrot slices or on a combination 
of six foods than on wheat, flax, barley, rye, or 
alfalfa (table 3). The incidence of feeding was 
unaffected by the incidence of molting. 

Twenty-one percent of the medium-sized larvae 
provided with a single food and nine percent of 
those with a combination of the six foods fed 
during the week before that in which ecdysis oc- 
curred. Fifty percent provided with a single 
food and 84 percent of those with a combination 
fed during the week after a molt. Four percent 
of the larvae with a single food and seven percent 
of those with a combination molted and fed 
during the same week. 

Large larvae molted and fed as frequently as 
medium-sized larvae when they were reared on 
single foods. However, on the various combina- 


and large larvae of C. a. aeripewnis feeding on various natural foods 


Large larvae 


Food Average Range 


Group A 
Rye. 41 
Wheat.. 39.5 
Flax.. 34 
Alfalfa.... 29 
Carrot.... 24.7 
Barley.... 24; 
Group B 
Combination... y «fer 


164-68. { 
16. 4-68 
0.0-50 
14. 2-50 
0.0-45 
0.0-49 


0.0-51.: 


tions, 16 percent of the large larvae fed during the 
week before that in which ecdysis occurred, 78 
percent during the week after, and 7 percent 
during the same week. 

Medium-sized larvae reared on a combination 
of the six foods gained more weight than those 
reared on wheat, barley, rye, or alfalfa (table 4). 
Large larvae gained more weight on the mixed 
diet than on carrot, wheat, rye, alfalfa, or barley. 

Both medium-sized and large larvae survived 
as well on one food or combination of foods as on 
another (table 4). 

DISCUSSION 

Apparently a mixed diet produced a greater 
increase in weight in these wireworms than did 
single foods, for medium-sized larvae gained as 
much weight with it as with carrot or flax, and 
large larvae as much as with flax, although they 
fed less frequently on the mixed diet. On carrot, 
large larvae fed less frequently than medium- 
sized larvae. This was the apparent reason that 
larvae of this size gained less weight on carrot 
than on the combination, contrary to the results 
obtained with medium-sized larvae. The less 


Table 2.—Average weekly percentages (angular transformations) of surviving 
medium-sized and large larvae of C. a. aeripennis feeding on various foods when 
provided with a choice of six foods 


Medium-sized larvae | 


Food One 


food 


Wheat 38.3 
Carrot.. 25.6 
Rye. 11.6 
Filax.... 8.£ 
Barley.. 3.é 
Alfalfa.. .. 0 

L.S.D. at 5% level 1] 


More than 


Large larvae 


More than 
one 


One 


one food 


34.6 | 35 
34.8 34.! 
28.3 14 
2.4 7 
9.6 

0.6 

4.0 


Ie CO 


oS bon 
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Table 3.—Average weekly percentages (angular transformations) of surviving medium-sized and large larvae of 
C. a. aeripennis molting, and coefficients for regression of incidence of feeding on incidence of molting 





Medium-sized larvae 


Coefficient 


Food Average 


Group A 
Wheat... 
Flax. 
Barley 
Rye... 
Group B 
Alfalfa. 

Carrot 
Combination. . 
L.S.D. at 5% level 

Members of 
Group A 
Between Groups 


A and B... 


—0.3899 
0.2556 
0.2570 

—0.4733 


15.8 
12.9 
15.3 
18.4 


0.3268 
0.0792 
0.6371 


15.8 
15.0 
13.7 





frequent molting of large larvae with carrot or a 
mixed diet than with the other foods could not 
be accounted for. 

Larvae of C. a. aeripennis, like those of C. a. 
destructor (Davis 1957), fed on various foods 
throughout the period of the investigation when 
the six foods were present in the soil at the same 
time. Under these conditions, medium-sized 
larvae of C. a. aeripennis, unlike those of C. a. 
destructor, fed with the same frequency on three 
foods and on a single food. Larvae of C. a. 
aeripennis of both sizes, like those of C. a. destruc- 
tor, chose some combination of wheat, carrot, and 
rye oftener. than any other combination when 
more than one food was eaten. However, in 
contrast to larvae of C. a. destructor, these larvae 
were not greatly attracted to rye seed when it 
was supplied with the other foods, although they 
fed extensively on it when no other food was 
available. 





Large larvae 


Food Average Coefficient 
Group A 
Wheat.. 
Flax.. 
Barley.... 
Rye.... 
Alfalfa. . 
Carrot.... 
Group B 
Combination... 


—0.7038 
0.1510 
0.3588 

—0.2681 

—0.0367 
0.7433 


13.4 
12.2 
13.5 
14.7 
14.7 
10.¢ 


11.5 0.7578 


2.9 
2.5 








Medium-sized larvae of C. a. aeripennis fed less 
often on carrot slices and more frequently on 
flax seed than those of C. a. destructor. The 
former gained more weight on carrot, flax, and 
the mixed diet than on the other foods; the latter, 
more on carrot and on the mixed diet than on 
flax. Large larvae of C. a. aeripennis fed less 
frequently on flax and carrot than those of C. a. 
destructor. They also molted oftener than the 
latter on wheat, flax, or barley. C. a. aeripennis 
gained most weight on flax or on a mixed diet, 
but C. a. destructor gained most on carrot or on a 
combination. 

More medium-sized larvae of both subspecies 
fed on a mixed diet than on a single food during 
the week in which ecdysis occurred and during 
the week after molting. More of C. a. aeripennis 
fed on a single food than on a combination during 
the week before a molt, but as many of C. a. 
destructor fed on one as on the other at this time. 


Table 4.—Average change in weight in milligrams per milligram of initial weight and angular transformations for 
percentages of medium-sized and large larvae of C. a. aeripennis surviving on various natural foods 


Medium-sized larvae 


Change in | 


Food weight Survival 


Large larvae 


Change in 


Food weight Survival 





Group A 
Flax... 
Wheat. 
Barley. 
Rye... 
Group B 
Carrot. 
Alfalfa 
Combination. 
L.S.D. at 5% level 
Members of 
Group A : 
Members of 
Group B 
Between Groups 


A and B... 


47 
62 
58 
08 


47 .§ 
45 
51 
35 
60 
59 
82 


41 
43 


74 
23 
51 








1 


Group A 
Flax. . 
Carrot.... 
Wheat.. 
Rye.. 
Alfalfa.... 
Barley.... 
Group B 
Combination. 


0.28 
0.16 
0.03 45 
0.00 52 
—0.03 67.5 
—0.07 53 


37 
56 


0.44 


67.‘ 


0.24 
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As many large larvae of C. a. aeripennis fed on 
a mixed diet as on a single food during the week 
before molting, but fewer of C. a. destructor fed 
on a mixed diet than on a single food during this 
period. 

Medium-sized larvae of C. a. aeripennis gained 
as much weight on flax as on carrot or on a mixed 
diet, but those of C. a. destructor gained less. 
Large larvae of the former subspecies also gained 
as much weight on flax as on a combination; of 
the latter, as much on carrot as on a combination 
and more than on flax. Because larvae of each 
subspecies fed as frequently on flax as the other, 
these results suggest that larvae of C. a. aeripennis 
are capable of utilizing flax more efficiently in 
their diet than those of C. a. destructor. The 
large increases in weight of medium-sized larvae 
of both subspecies brought them to the same size 
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as large larvae at the end of the experimental 
period. These data suggest that a good diet 
during the early developmental period is essential 
for rapid growth of wireworms of both subspecies. 

In those cases in which larvae were reared on 
foods that were of little value for growth and 
development, survival of the larvae was unaf- 
fected. Neither the foods nor the amount of 
feeding on them affected the survival of medium- 
sized or large larvae of the same or of different 
subspecies. 
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SUBGENERIC GROUPS WITHIN THE MAYFLY GENUS EPHEMERELLA 
(EPHEMEROPTERA: EPHEMERELLIDAE) 


GEORGE F. EDMUNDS, JR. 
University ot Utah! 


ABSTRACT 


The currently recognized Ephemerella species are 
assigned, as far as possible, to nine subgenera based on 
nymphal and imaginal characters. New subgenera are 
SERRATELLA (type serrata Morgan), CAUDATELLA 
(type heterocaudata McDunnough), ATTENUATELLA 
(type attenuata McD.), and DANNELLA (type simplex 


There is considerable difference of opinion 
among Ephemeropterists concerning the number 
of generic or subgeneric categories to be recog- 
nized within the Holarctic Ephemerellidae. Gen- 
erally the specialists in Western Europe have 
placed a small number of species in three or four 
genera, while workers in North America and Asia 
have generally included a much larger number of 
species within the single genus Ephemerella. The 
nymphs of the complex show great diversity and 
the adults a moderate diversity of characters, so 
it is not difficult to find large morphological gaps 
between a small number of species within any 
geographic area. It is only when the world fauna 
is examined that there is great difficulty in recog- 
nizing gaps between groups of species. 

Eaton (1883-1888) included all the Holarctic 
Ephemerellidae in the genus Ephemerella or as 
allies of Ephemerella. Needham (1905) split off 

1The research on which this paper is based was sup- 
ported by grants from the National Science Foundation 
(NSF 4995) and the University of Utah Research Fund. 
Accepted for publication January 27, 1959. 


McD.); those previously named are Ephemerella Walsh, 
s.s., Torleya Lestage, Drunella Needham, Eurylophella 
Tiensuu, and Timpanoga Needham. Thirteen of the 
species can not be assigned subgenerically without further 
study. 


one group as the genus Drunella, but later (1927) 
gave it only subgeneric rank. Bengtsson (1909) 
erected the genus Chitonophora. Lestage (1917) 
named the genus Torleya from Europe, and 
Needham (1927) named two subgenera of 
Ephemerella, Drunella and Eatonella, from western 
North America. Tiensuu (1935) erected the 
genera Eurylophella and Melanameletus. Traver 
(1935) placed all the North American species in 
the genus Ephemerella but recognized a number of 
groups and noted (op. cit.: 565) that proper appli- 
cation of the above mentioned names “awaits a 
better definition of the groups of species, based on 
a more complete knowledge of them in all stages, 
and especially of the type species of Ephemerella, 
E. excrucians.”” Edmunds and Traver (1954: 238) 
listed the Holarctic Ephemerellidae as being one 
genus with six subgenera. Demoulin (1958: 10) 
followed this arrangement. 

American workers generally have recognized a 
single genus Ephemerella with a variable number 
of species-groups, but they have not applied 
subgeneric names to such groups. 
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In my opinion there are moderately well defin- 
able natural groups within the genus that should 
be designated as subgenera, leaving the term 
species-group to apply to the smaller clusters of 
related species within each subgenus. 

To be functional and phylogenetically signifi- 
cant, subgenera should be definable in both 
nymphal and male imago stages. Knowledge of 
the characters of the nymphal stage are then 
useful in predicting what an unknown male 
imago stage would be like, or vice versa. If this 
predictability breaks down in a classification, 
there is a strong probability that the separation 
of the groups has been done on _ superficial 
characters. 

Difficulty in the classification of the genus 
Ephemerella stems in part from the fact that the 
rate of evolution in nymphal forms is in most 
cases rapid, while the adults remain essentially 
conservative. Within the subgenus Drunella 
there are striking morphological differences be- 
tween various groups of species, but the adults 
are remarkably monotonous, with little structural 
differentiation between species or groups of 
species. 

The subgeneric groupings proposed in this 
paper are based largely on a study of the North 
American species, but the Eurasian species have 
been considered. 

This study of subgeneric groupings is still in 
progress by the writer and Mr. R. K. Allen, but 
it is hoped that this paper will serve as a stimulus 
to others to publish their own findings on this 
subject. Certainly, there is a great need for 
additional knowledge of the systematic position 
of many of the species considered in this paper. 

The distinguishing characters of the subgenera 
can be ascertained from the keys following the 
discussions of the groups. Under each subgenus 
I have listed all the nominal species, but have 
placed those previously considered invalid in 
italics following the valid name to which the 
synonym is referred. Some additional species 
either are known to be invalid or are questionably 
valid, but these problems will be treated elsewhere. 


Subgenus Ephemerella Walsh, s.s. 
1862 Walsh, Proc. Acad. Nat. Sci. Philadelphia 13-14: 

377; type species: excrucians Walsh. 

There has been considerable doubt for some 
time whether Ephemerella s.s. and Chitinophora 
“an be maintained even as subgenera. There 
seems little doubt that this separation should not 
be maintained on the characters first suggested 
by Bengtsson (1908), but it might be desirable on 
the basis of characters suggested by Traver (1935) 
(using the terms “invaria group” for Ephemerella 
and ‘“‘needhami group” for Chitinophora). It ap- 
pears to me that while such a division may still 
have merit for the North American fauna, the 
division may break down completely in the 
Eurasian forms. For this reason I am not at 
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present inclined to recognize Chitinophora as 
distinct from Ephemerella, although I leave the 
final decision open. The best basis of separation 
in the adult males appears to be the form of the 
penes, which in Ephemerella s.s. have the lateral 
penes rounded with only a shallow notch between 
them, while in Chitinophora the penes are longer 
and more slender with a deep apical notch between 
them. 

According to Traver (op. cit.: 566) the nymphs 
of Ephemerella s.s. have ‘‘rather long spines along 
the posterior margins of the femora, and on the 
upper surface of the fore femur, where they are 
arranged in an irregular transverse band near the 
apical end; tails never with a whorl of spines at 
the base.’”’ Chitinophora has “only short and 
inconspicuous spines along the margins of the 
femora; usually no spines on the upper surface of 
the fore femur, but if present, generally distrib- 
uted and not in an apical band; tails may have 
whorls of spines in the basal half.” 

If a separation of the group into two subgenera 
is attempted, the following North American 
species appear to belong to the subgenus Ephemer- 
ella s.s.: argo Burks, dorothea Needham, excrucians 
Walsh (=semiflavxa McDunnough), fratercula 
McDunnough, inconstans Traver,? inermis Eaton, 
infrequens McDunnough, invaria Walker, mollitia 
Seeman, ora Burks, rotunda Morgan (=feminina 
Needham, vernalis Banks?), and subvaria McDun- 
nough. The Eurasian species tentatively as- 
signed here would be Jlactata Bengtsson and 
torrentium Bengtsson. 

The North American species which might be 
separable as Chitinophora (type species: the 
Holarctic aurivillii Bengtsson) are aurivillii 
Bengtsson (=aaroni Eaton, concinatta Traver, 
norda McDunnough), berneri Allen and Edmunds, 
catawba Traver, choctawhatchee Berner, euterpe 
Traver, maculata Traver, needhami McDunnough 
and septentrionalis McDunnough. Eurasian spe- 
cies which I tentatively associate with this group 
are ignita Poda (=aenea Pictet, erythrophthalma 
Schrank, gibba Pictet), krieghoffi Ulmer, mesoleuca 
Brauer, notata Eaton, sibirica Tshernova, and 
sven-hedini Ulmer. 


Subgenus Serratella, new subgenus 


Type species: serrata Morgan. 

Although this group may eventually prove to 
be inseparable from the European Torleya, it 
presently appears to be quite distinct. Addi- 
tional studies of the species in Eastern Asia will 
probably clarify this point. 

2With the generous aid of Dr. W. L. Brown, I was 
able to examine the type of Ephemerella vernalis Banks 
at the Museum of Comparative Zoology in May 1958, 
and to determine that it is a junior synonym of E. rotunda 
rather than a senior synonym of E. inconstans. The 
figure which I give as the male genitalia of E.rotunda 
Morgan was drawn from the holotype of E. vernalis 
Banks. 





1959] Edmunds: 

The North American species assigned to the 
subgenus are cognata Traver, deficiens Morgan 
(= atrescens McDunnough), frisont McDunnough, 
levis Day, micheneri Traver, molita McDunnough, 
serrata Morgan, serratoides McDunnough, sordida 
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McDunnough, teresa Traver, and tibialis McDun- 
nough (=angusta Traver). Eurasian species 
which I tentatively place in the subgenus are 
levanidovae Tshernova, longicaudata Ueno, and 
orientalis Tshernova. 


EXPLANATION OF FIGURES 


Male genitalia of representatives of several subgenera of Ephemerella; figure 3 in ventral view, all others in 


dorsal view. 

Fic. 1.—E. (A ttenuatella) attenuata. 
E. (Timpanoga) hecuba. Fi. 5. 
type of the synonymous E. (E.) vernalis Banks. 
deficiens. 


Fic. 2.—E. 


(Drunella) coloradensis. 
-E. (Eurylophella) bicolor. 
Fic. 7.—E. (Ephemerella) septentrionalis. 


Fic. 9.—E. (Dannella) simplex, from specimen not treated with KOH. 


Fic. 3.—E. ( Torleya) bel gica. Fic. 4 
E. (Ephemerella) rotunda, drawa from the holo- 


FIG. 6. 
Fic. 8.—E. (Serratella) 
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The subgeneric name Serratella is formed by 
adding the diminutive suffix ella to the name of 
the type species. 


Subgenus Torleya Lestage 
1917 Lestage, Ann. Biol. Lacustre 8: 366; type species: 
belgica Lestage. 
This subgenus is known only from Europe 
where it is represented by two species, belgica 
Lestage and major Klapalek. 


Subgenus Caudatella, new subgenus 


Type species: heterocaudata McDunnough. 

This subgenus is at present known only from 
western North America where it is represented 
by columbiella McDunnough, edmundsi Allen, 
heterocaudata) McDunnough, Aystrix Traver 
(=spinosa Mayo), and jacobi McDunnough. 

The subgeneric name is formed by the diminu- 
tive of the latter part of the Greek-Latin hybrid 
name of the type species. 


Subgenus Drunella Needham 
1905 Needham, New York State Mus. Bull. 86: 42; 
type species: grandis Eaton. (=Eatonella Needham 

1927, Ann. Ent. Soc. America 20: 108; type species 

doddsi Needham.) 

The North American species assigned to this 
subgenus are allegheniensis Traver, autumnalis 
McDunnough, cherokee Traver, coloradensis Dodds, 
conestee Traver, cornuta Morgan, cornutella Mc- 
Dunnough, depressa Ide, doddsi Needham, flavi- 
linea McDunnough, flavitincta McDunnough, 
glacialis Traver, glacialis carsona Day, grandis 
Eaton, ingens McDunnough, lapidula McDun- 
nough, /ata Morgan (=inflata McDunnough), 
longicornis Traver, pelosa Mayo, proserpina 
Traver (= yosemite Traver), sierra Mayo, spinifera 
Needham, tuberculata Morgan, walkeri Eaton 
(=bispina Needham, fuscata Walker), wayah 
Traver, and wilsoni Mayo. 

The species from Eastern Asia which appear 
to fall in this subgenus are basalis Imanishi, 
cryptomeria Imanishi, ishiyama Matsumura, latipes 
Tshernova, punctisetae Matsumura, tenax Tsher- 
nova, triacantha Tshernova, and trispina Ueno. 


Subgenus Attenuatella, new subgenus 


Type species: attenuata McDunnough. 

This is a small subgenus of which the named 
species are all North American. Dr. Herman T. 
Spieth has shown me a male of an undescribed 
species of this subgenus from China. 

The species of this subgenus are attenuata 
McDunnough, delantala Mayo, margarita Need- 
ham, hirsuta Berner, and soquele Day. 

The subgeneric name is formed from the 
diminutive of the type species. 


Subgenus Dannella, new subgenus 
Type species: simplex McDunnough. 
Only two North American species are placed 
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in this subgenus at the present time, simplex 
McDunnough and /ita Burks. 

Because the diminutive of the name of the 
type species of this group is preoccupied, I have 
made the name from the diminutive of the middle 
name of Benjamin Dann Walsh, author of the 
genus Ephemerella. In this I am following the 
practice used by J. G. Needham in naming 
Drunella for Theodore Dru Allison Cockerell. 


Subgenus Eurylophella Tiensuu 
1935 Tiensuv, Ann. Ent. Fennici 1:20; type species: 
karelica Tiensuu. (?= Melanameletus Tiensuu 1935, op. 
cit. 15; type species: brunnescens Tiensuu.) 

The type species of this subgenus, karelica 
Tiensuu, appears to be a typical member of the 
same complex as the North American bicolor- 
group except for a single feature of the nymph. 
The North American species have no maxillary 
palpi, but these structures are present in E. 
karelica. 

When the adult is known, the relationship of 
E. karelica to the other species might be clarified. 
The presence or absence of maxillary palpi does 
not in and of itself seem to provide adequate 
reason for recognizing two subgenera. 

Besides the Finnish species karelica Tiensuu 
(?=brunnescens Tiensuu), the North American 
species of the subgenus are aestiva McDunnough, 
bicolor Clemens, bicoloroides McDunnough, coxalis 
McDunnough, doris Traver, funeralis McDun- 
nough, lodi Mayo, lutulenta Clemens (=lineata 
Clemens), minimella McDunnough, prudentalis 
McDunnough, temporalis McDunnough, trilineata 
Berner and verisimilis McDunnough. 


Subgenus Timpanoga Needham 
1927 Needham, Ann. Ent. Soc. America 20: 108; type 
species: hecuba Eaton. 
Only the single species E. hecuba with two sub- 
species, E. h. hecuba and E. h. pacifica Allen and 
Edmunds, is assigned to this subgenus. 


UNASSIGNED SPECIES 

4/'though all the North American species have 
been assigned to subgenus except for three nomina 
dubia (consimilis Walsh, quebecensis Provancher, 
and unicornis Needham), I feel that specimens of 
many Eurasian species must be examined before 
they can be placed. This is true even of some 
species which have been placed provisionally in 
subgenera. 

The species which I leave unassigned are 
atagosana Imanishi, elongatula McLachlan, gracilis 
Tshernova, hispanica Eaton, lenoki Tshernova, 
longipes Tshernova, nigra Ueno, rufa Imanishi, 
sachalinensis Matsumura, sinensis Hsu, sub- 
montanus Brodsky, taeniata Tshernova, and 
thymalli Tshernova. 
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KEYS TO THE SUBGENERA 
Male Imagoes 


Lateral cerci one-fourth to three-fourths as long as 
the median terminal filament Caudatella 
Cerci subequal in length to the terminal filament. . 2 
Terminal segment of genital forceps six times as long 
as broad; penes slender (fig. 1) Attenuatella 
Terminal segment of genital forceps less than four 
times as long as broad, penes variable (figs. 2-9). 3 
Terminal segment of genital forceps more than 
twice as long as broad (figs. 2-3).. Er 4 
Terminal segment of genital forceps less than twice 
as long as broad (figs. 4-9) 5 
Inner margin of long segment of genital fore eps 
distinctly incurved or strongly bowed (fig. 2). 
Drunella 
Inner margin of long segment of genital forceps 
nearly straight or gently incurved, sharply in- 
curved at apex (fig. 3). Torleya 
Vestigial nymphal gills retained on abdominal seg- 
ments 4-7; well developed posterolateral projec- 
tions on segments 8-9, genitalia as in fig. 4. 
Timpanoga 
Vestiges of nymphal gills wanting; posterolateral 
projections poorly developed or wanting, genitalia 
variable 6 
Penes without dorsal or ventral spines, apical notch 
shallow; penes distinctly narrower at apex than 
at base (fig. 5) Eurylophella 
Penes not as above, either with dorsal or ventral 
spines or subapical tubercles, apical notch deep 
or penes as wide or wider at apex than at base.... 7 
Lateral apical margins of penes project apically as 
distinct processes or lobes; dorsal or ventral spines 
may be present (figs. 6-7).... .....Ephemerella 
Penes without such projecting lobes apically; with- 
out such spines except that a subapical, lateral 
tubercle may be present on each lobe (figs. 8-9). . 
Penis lobes usually bearing a subapicai, lateral 
tubercle on lobe; if tubercles lacking, no tubercle 
present between forceps bases (fig. 8)... .Serratella 
Penis lobes without such tubercles on lobe; a tubercle 
present between forceps bases (fig. 9) Dannella 


Nymphs 


Gills present on abdominal segments 3-7. . 2 
Gills wanting on segment three, present on 4-7 only, 
a rudimentary gill often present on segment 1... 6 
The lateral cerci one-fourth to three-fourths as long 
as the median terminal filament........Caudatella 
The cerci subequal in length to the terminal 


Distinct tubercles and/or spines “usually present c on 
anterior margin of the fore femur, if absent the 
abdomen with an adhesive disc of hairs ventrally, 
or head, thorax and abdomen with distinct paired 
Goren) epmmes.. ............. Drunella 

Distinct tubercles or spines absent on “anterior mar- 
gin of the fore femur, abdomen without a ventral 
adhesive disc, paired dorsal spines lacking on 
either head, thorax, or abdomen ae 
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4. A whorl of spines or hair-like spines at the joinings 
of the segments of caudal filaments; no fringe of 
hairs along the lateral edges of caudal filaments... 5 

Whorls of spines or hair-like spines absent, present 
only at base, or if extending to the apex of the 
caudal filaments a fringe of hairs present along 
the lateral edges, at least in the apical third.... 

Ephemerella s.s. 

Gills on tergite 3 semioperculate; only the first 
three pairs of gills visible; without paired dorsal 
abdominal spines. .Torleya 

Gills on tergite 3 not as above, the gills imbric ate; 
four or five pairs of gills visible; paired dorsal 
abdominal spines present in most species. Serratella 

The apex of each femur terminating in a sharp spine; 
nymph very broad and flat, abdominal segment 
5 at least two-thirds as broad as abdomen is long 

Timpanoga 

Apex of each femur without such a spine; nymph 
variable in form, but fifth segment less than half 
as broad as abdomen is long....... 5) ero 

Abdominal segment 9 distinctly longer than 8; 

maxillary palpi wanting (except in E. karelica of 
Finland). . Eurylophella 

Abdominal segment 9 not longer than 8, maxillary 
palpi present. . 8 

Abdominal tergites 1 or 2 to 9 with paired ‘dorsal 
spines or tubercles; tarsal claws with denticles 

Attenuatella 

Abdominal tergites without paired dorsal spines or 

tubercles; tarsal claws without denticles. . Dannella 


> 
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URICASE, GUANASE, AND XANTHINE OXIDASE FROM THE FAT BODY 
OF THE COCKROACH, LEUCOPHAEA MADERAE'! 


JOSEPH D. LISA anp DANIEL LUDWIG 
Department of Biology, Fordham University 


ABSTRACT 


Uricase was isolated from homogenates of the fat 
body of the nymph and adult cockroach, Leucophaea 
maderae, by the method of Praetorius (1949). Its 
activity is of the first-order with an average Michaelis 
constant of 1.7x 10~* moles per liter at a pH of 9.2. 
Guanase was isolated from the fat body by the method 
of Kalckar (1947) and its activity measured spectro- 


The localization of organs in insects responsible 
for the intermediary metabolism of nitrogenous 
products is stili an unsolved problem. Leifert 
(1935) concluded that the larval and pupal fat 
bodies of the moth, Antheraea pernyi Guérin, are 
involved in the oxidative synthesis of uric acid. 
Anderson and Patton (1955) confirmed this 
observation when they demonstrated that 
homogenates of the fat body of the moth, Prodenia 
eridania (Cram.), and of the mealworm, Tenebrio 
molitor Linn., synthesized uric acid from many 
purine substrates. They also found adenase, 
guanase and xanthine oxidase in the fat body 
of these species. Irzykiewicz (1955) concluded 
that the specific xanthine oxidase activities of the 
fat body and the midgut of 7. molitor were of a 
much higher order than those of the other 
tissues. 

The present work was undertaken to determine 
whether the fat body of the tropical cockroach, 
Leucophaea maderae (Fabricius), contains any of 
these purine-catabolizing enzymes. Experiments 
were performed to isolate uricase and guanase 
and to measure their activities. A study was 
also made to determine the presence of xanthine 
oxidase. 

MATERIALS AND METHODS 

Fat bodies of large nymphs and adults were 
excised and either pooled or used singly. Uricase 
was isolated by the method of Praetorius (1949) 
and guanase by that of Kalckar (1947a). Uricase 
activity was measured spectrophotometrically, 
using the Beckman DU spectrophotometer, by 
the method of Kalckar (1947b). This method 
consists of measuring the decrease in optical 
density of a uric acid solution at a wave length of 
293 mu, following the addition of an active enzyme 
fraction, as the uric acid is converted to other 
products. Guanase was assayed by the method 
of Block and Johnson (1955). Each of the 
Kalckar fractions (Kalckar 1947a) was assayed. 


'This work was supported in part by a predoctoral 
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photometrically. Xanthine oxidase was found in homog- 
enates of the nymph and adult cockroach. Nymphal 
homogenates demonstrated a higher ability to oxidize 
the oxypurines than those of the adult. Homogenates 
of both stages were more active with hypoxanthine than 
with xanthine as the substrate. 


Guanine disappearance and xanthine production 
were measured by recording the changes in the 
absorption of the mixture at the wave lengths of 
260 and 280 mu resulting from a 2-hour incubation 
of the substrate with active fractions. Series of 
controls were established for an exact determina- 
tion of enzyme activity. 

Xanthine oxidase activity was determined by 
the Thunberg method as given by Umbreit, 
Burris and Stauffer (1945, p. 126). Weighed fat 
bodies of nymphs and adults were homogenized 
at room temperature in 0.1 M phosphate buffer 
at pH 7.4 and diluted with buffer to make a 
concentration of 1: 25. Each homogenate was 
incubated at 37°C. for 20 minutes to oxidize 
endogenous substrates. Hypoxanthine and xan- 
thine, at concentrations of 0.2 mg./ml., were used 
as substrates in separate tests. For each assay, 
3 ml. of phosphate buffer, | ml. of methylene blue 
(1: 10,000), and 1 ml. of substrate were placed 
in the main portion of the tube, and 1 ml. of 
homogenate was added to the side arm. The 
whole system was evacuated for 3 to 5 minutes. 
The homogenate was then thoroughly mixed with 
the contents of the tube and incubated in a water 
bath at 30°C. A control tube containing 4.1 ml. 
of buffer, 1 ml. of methylene blue and 1 ml. of 
homogenate was also employed. Decoloration 
of methylene blue was observed visually and 
compared with the color of a blank which con- 
tained all constituents of the reaction tube, 
except substrate, and only 0.1 ml. of methylene 
blue. The homogenate of the blank was in- 
activated either by heat or by treatment with 
0.1 percent KCN. Activity of the enzyme was 
determined by subtracting the rate of decoloration 
of methylene blue in tae control from that in the 
enzyme system. Rate was recorded as reciprocal 
of the time in minutes. 

OBSERVATIONS 


The uricase preparations of the adult and 
nymphal fat bodies catalyzed uric acid. All 
controls for the experiments showed no activity. 
Figure 1 contains a spectrophotometric determina- 
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tion of the activity of uricase obtained from 
nvymphal fat body by the method of Praetorius 
(1949). Each value plotted is an average of at 
least 10 determinations. The figure shows that 
for equal intervals of time, there is a proportional 
lowering of the optical density at 293 mu. The 
graph indicates that the reaction is of the first 
order following the equation kt=2.3 log a/a-x, 
where k is the constant; a, the initial concentration 
of the substrate; and x is the amount of substrate 
catalyzed at time ¢. In figure 2 the log a/a-x is 
plotted against time. This plot resulted in a 
straight line with the slope k/2.3. These results 
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Fic. 1.—Uricase activity as indicated by a lowering 
of the optical density at 293 my of a uric acid solution 
containing 5.87 ug/ml. of borate buffer at a pH of 9.2 
when incubated with the enzyme preparation from 
nymphal fat body. Reaction time is expressed in 15 
minute intervals. 


show definitely that the breakdown of uric acid 
by the extract of the fat body is enzymatic and 
of the first order. The Michaelis constant 
(substrate concentration at which the reaction 
occurs at one-half maximal velocity) for this 
reaction is 1.7 x 10-5 moles per liter at a pH 
of 9.2. 

Each of the guanase fractions of the nymphal 
and adult fat body, prepared by the method of 
Kalckar (1947a), deaminated guanine to xanthine. 
In each experiment, the absorption curve of 
guanine with its maximal density peak at 270 my 
and its low at 240 mu was shifted to a xanthine 


Fat Body Enzymes of I eucophaea maderae 


549 


absorption curve with its peak at 280 my and its 
low at 260 mp. Values obtained for the 40 per- 
cent ethanol fraction of Kalckar are plotted in 
figure 3. Each value is an average of at least 
10 determinations. Graphs obtained with each 
of the other Kalckar fractions showed similar 
shifts in density. Figure 4 contains graphs 
constructed from the following: (1) pure xanthine; 
(2) pure xanthine with the “0.4+0.6” fraction of 
Kalckar; (3) mixtures of xanthine and the same 
fraction deproteinized before incubation (treated 
with perchloric acid). These graphs are identical 
except for a slight concentration difference, thus 
indicating that no endogenous catabolizing 
enzymes, other than guanase, are effective under 
the conditions of the experiment. They also 
indicate that no endogenous purines such as uric 
acid are present. 

The activity of xanthine oxidase from the fat 
body is shown in table 1. The values were 
determined as activity per gram wet weight. 
Nymphal homogenates had a greater ability to 
oxidize the oxypurines than those of the adult. 
Furthermore, the activity was greater with 
hypoxanthine than with any of the other 
substrates. 

DISCUSSION 

The isolation of uricase from homogenates of 
the imaginal and nymphal fat body of the 
tropical cockroach, Leucophaea maderae, sub- 
stantiates the work of Leifert (1935) and of 
Razet (1953) who found this enzyme in the fat 
bodies of various insects. Leifert concluded that 
the titer of uricase is greater in the fat body than 
in the Malpighian tubes, indicating that this 
organ is a probable site for the oxidation of uric 
acid. Shafer (1949) reported that in the wasp, 
Sceliphron cementarius Drury, storage waste, 
identifiable mainly as uric acid, is made soluble 
by the enzyme uricase secreted into the urate 
cells of the fat body during the larval stage. 
There is a possibility that the mycetocytes and 
their symbionts can supply uricase. Toth (1952) 
found that the symbiotic microorganisms of 
insects are able to fix molecular nitrogen of the 
atmosphere. These symbionts can also break 
down uric acid and liberate ammonia from urea, 
Under these conditions, ammonia might not only 
be the end product of catabolism but also a 
starting compound for protein synthesis. 
Recently, Brooks and Richards (1956) revealed 
that there is an unexplained relationship between 
the bacteroids and urate accumulation in the fat 
body of the German cockroach, Blatella germanica. 
(Linn.). They reported that in aposymbiotic 
nymphs which were given implants of normal 
fat body containing symbionts, the urates were 
absent from the bacteroid-laden portion of the 
fat body, but very dense in the symbiont-free 
portion. However, Cordero (1958) using the 
American cockroach, Periplaneta americana 
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(Linn.), reported that tissues not containing 
symbionts show uricase activity. She found 
uricase in homogenates of the foregut, midgut, 
hindgut, Malpighian tubes and muscle. Hence, 
it is likely that the uricase found in insects is 
produced by the insect tissue and not by intra- 
cellular symbionts. 

The activity of uricase found in the present 
work showed values close to those obtained by 
Praetorius (1949) for the enzyme obtained from 
pig liver. He reported a Michaelis constant of 
3 to 6 x 10~° moles per liter, whereas the average 
value obtained in the present experiments was 
1.7 x 10-° moles per liter. This figure indicates 
that the enzyme activity is low. The reason is 
probably associated with the impurity of the 
enzyme fraction. A difficulty in obtaining purified 
enzyme from insect tissue is the small amount 
of tissue available. The maximum used in these 
experiments was 600 mg. of fresh tissue, which is 
considerably less than that generally employed 
for the isolation of enzymes from vertebrate tissue. 

Since guanine, one of the breakdown products 
of nucleic acid, has not been found in insect 
tissue, the probability exists that it may be 
deaminated to xanthine as soon as produced. 
One of the probable sites for this reaction is the 
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Fic. 2.—Relationship between uric acid concentra- 
tion and reaction time with uricase from nymphal fat 
body. A, initial substrate concentration; X, amount of 
substrate converted; A-X, the prevailing substrate con- 
centration. Reaction time is expressed in 15-minute 
intervals. 
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fat body. The results obtained in the present 
experiments corroborate those of Anderson (1953) 
in which she found a high concentration of 
guanase in the fat bodies of the cockroach 


Table 1.—Xanthine oxidase activity of homogenates of 
fat body with various purine substrates. Activity is 
expressed as the reciprocal of the time in minutes for 
90 percent decoloration of methylene blue 
per gram wet weight of tissue. 








Enzyme activity 
Substrate 
Adult Nymph 


| 


0.099 
0.045 
0.020 
0.000 
0.039 
0.000 


0.035 
0.011 
0.003 
0.000 
0.001 
0.001 


Hypoxanthine. . 
Xanthine. . 
Adenosine. 
Adenine. 
Guanine... 
Guanosine 


P. americana, the mealworm Tenebrio molitor, 
and the armyworm Prodenia eridania. According 
to Anderson and Patton (1955), homogenates of 
the fat body of the American cockroach are able 
to synthesize uric acid when incubated with 


OPTICAL DENSITY 


WAVE LENGTH IN mp 


260 280 320 


240 

Fic. 3.—Guanase activity of homogenates of adult 

fat body. A, absorption curve of pure guanine; B, ab- 

sorption curve of guanine after a 2-hour incubation period 

with the 40 percent ethanol fraction of Kalckar; C, 
absorption curve of pure xanthine. 
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purine substrates such as guanine, adenine, and 
xanthine. These results imply that the enzymes 
guanase, adenase, and xanthine oxidase are 
present. 


OPTICAL DENSITY 
a 


WAVE LENGTH IN mu 


240 260 280 


Fic. 4.—A spectrophotometric analysis showing the 
purity of the Kalckar guanase fractions of adult fat 
body. A, absorption curve of xanthine following a 2- 
hour incubation with the ‘‘0.4+0.6"' Kalckar fraction; 
B, absorption curve of xanthine following a 2-hour incu- 
bation with the deproteinized ‘‘0.4+0.6’’ Kalckar frac- 
tion; C, absorption curve of pure xanthine. 


The observation that xanthine oxidase is 
present in the fat body of the cockroach is in 
agreement with those of Leifert (1935), Anderson 
(1953), Anderson and Patton (1955), and 
Irzykiewicz (1955). Cordero (1958) also found 


PHYSIOLOGY OF INSECT DEVELOPMENT, Edited 
by FRANK L. CAMPBELL. XIV+167 pages, 13 
figures, 1 table, 1 plate. University of Chicago 
Press, Chicago, IIl., 1959. $4.00. 

The report, based on a sound-tape recording, presents 
a condensed version of the proceedings from the confer- 
ence on physiology of insect development, held in Quebec, 
Canada, in August 1956. It is one of ten such reports 
from the Developmental Biology Conference Series held 
under the auspices of the National Academy of Sciences, 
National Research Council. 

After an introduction on the scope of the conference, 
the report is divided into the following major areas: 
I and II, Embryology; III, Larval development and 
tissue culture; IV, Metamorphosis and diapause; V, 
Histolysis and tumors; and VI, Regeneration. A pest- 
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this enzyme in homogenates of the foregut, 
midgut, hindgut, malpighian tubes, and muscles 
of the American cockroach. 


REFERENCES CITED 


Anderson, A. D. 1953. Uric acid synthesis in insects. 
Ph.D. dissertation, Cornell University. 

Anderson, A. D., and R. L. Patton. 1955. In 
studies of uric acid synthesis in insects. 
Exptl. Zool. 128: 443-51. 

Block, W. D., and D. V. Johnson. 1955. Studies of the 
enzymes of purine metabolism in skin. I. Guanase 
activity of rat skin. Jour. Biol. Chem. 217: 43-48. 

Brooks, M. A. and A. G. Richards. 1956. Intracellular 
symbiosis in cockroaches. III. Re-infection of 
aposymbiotic cockroaches with symbiotes. Jour. 
Exptl. Zool. 132: 447-66. 

Cordero, S. M. 1958. Purification and activity of 
purine enzymes in various tissues of the American 
cockroach, Periplaneta americana Linnaeus. Ph.D. 
dissertation, Fordham University. 

Irzykiewicz, H. 1955. Zanthine oxidase of the clothes 
moth, Tineola bisselliella, and some other insects. 
Australian Jour. Biol. Sci. 8: 369-77. 

Kalckar, H. M. 1947a. Differential spectrophotometry 
of purine compounds by means of specific enzymes. 
III. Studies of the enzymes of purine metabolism. 
Jour. Biol. Chem. 167: 461-75. 

1947b. Differential spectrophotometry of purine com- 
pounds by means of specific enzymes. I. Determi- 
nation of hydroxypurine compounds. Ibid. i67: 
429-43. 

Leifert, H. 1935. Untersuchungen uber den Exkretstoff- 
wechsel bei Eiern, Raupen und Puppen von Antheraea 
pernyt. I. Qualitative und quantitative Unter- 
suchungen tber das Vorkommen von N-haltigen 
Stoffwechselendproducten bei Eiern, Raupen und 
Puppen von Antheraea pernyi. Zool. Jahrb., Abt. 
allgem. Zool. u. Physiol. Tiere 55: 131-90. 

Praetorius, E. 1949. Urikase-studein med henblick pa 
enzymatisk urinsyremaling ved spektrofotometri. 
Medical dissertation, University of Copenhagen. 

Razet, P. 1953. Recherches sur la localisation des 
enzymes uricolytiques chez les insectes. C. R. Acad. 
Sci. 236: 1304-6. 

Shafer, G. P. 1949. The ways of the mud dauber. 
Stanford University Press. 

Toth, L. 1952. The role of nitrogen-active microorgan- 
isms in the nitrogen metabolism of insects. Tijdschr. 
Ent. 95: 43-59. 

Umbreit, W. W., R. H. Burris, and J. F. Stauffer. 1945. 
Manometric techniques and related methods for the 
study of tissue metabolism. Minneapolis: Burgess 
Publishing Co. 


vitro 
Jour. 


script and a selected bibliography terminate the report. 

Twenty participants representing several discipline- 
discussed their research informally or contributed to the 
clarification of specific issues with ‘‘little restraint as to 
time and subject.’’ Presented in dialogue form, the 
report demonstrates the value of such a conference 
where ellucidation and integration of concepts and 
research provide for a better understanding of processes 
involved in insect development. 

With a single exception, more tabular data and illus- 
trations would have been desirable. However, the 
report is well edited and should be stimulating reading 
to entomologists. 

Joun N. KAPLANIs, 
Entomology Research Division, 
U. S. Department of Agriculture. 
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ABSTRACT 


Five black-integumented genera form a natural com- 
plex within the Ethiopian representatives of the Mono- 
chamidi. They, and their included species, are fully 
described, with keys to the species and distributional 
notes on them. Three genera are new: NIGROLAMIA, 
for Melanopolia farinosa Bates (type), Monochamus 


horussus Jordan, and N. ogowensis; MELANOLAMIA, 


With the exception of Acridocephala (which 
pertains to a separate subtribe), the Ethiopian 
genera of Monochamini in which the integument 
is black, for the most part, form a natural generic 
complex within the subtribe Monochamidi. While 
interrelationships are not always clear, separation 
of the group into a number of sharply defined 
genera is facilitated, not only by distinctive 
morphological features, but by pattern differences 
as well. A key which includes these genera is 


given in the first of this series of papers.* 


This study is based on the collections of many 
institutions and individuals. Material has been 
received from the American Museum of Natural 
History [AMNH], Academy of Natural Sciences 
of Philadelphia [ANSP], British Museum (Natural 
History) [BM], California Academy of Sciences 
[CAS], Chicago Natural History Museum 
[CMNH], Cornell University [CU], Deutsche 
Entomologische Institut [DEI], E. F. Gilmour 
[EFG], Lionel Lacey [LL], Museum of Compara- 
tive Zoology [MCZ], Naturhistoriska Riks- 
museum, Stockholm [NRS], Senckenberg Museum 
[SM], Natural History Museum of Southern 
Rhodesia [NMSR], Museum of Natural History 
of Trieste [MNHT], Natural History Museum, 


‘Accepted for publication December 15, 1958. 

2Associate Professor, Department of Biology, A. & M. 
College of Texas, College Station, Texas. Address until 
February 1, 1960: Department of Zoology, University of 
Queensland, Brisbane, Australia. 

83Other papers of this series on the Monochamini are 
as follows: 

I. Subtribe Monochamidi. Pseudhammus and allies. 
Reading Public Mus. and Art Gallery Sci. Publ. No. 9. 
72 pp. 1959. 

II. Subtribe Monochamidi. 
chamus. British Mus. (Nat. 
(in press). 

ITI. Subtribe Monochamidi. 
genera. Ent. Arbeit. (Munich), 
press). 

V. The subtribe Acridocephalidi. 
49-58. 1959. 

VI. The subtribe Docohammidi. 
7-12. 1959. 


Genera related to Mono- 


Hist.) Bull. Ent., vol. 8 


Oxylamia and related 
vol. 10, part 3 (in 


Coleopt. Bull. 12: 


Coleopt. Bull. 13: 


for Monochamus albosignatus Hintz (type) and M. melaleuca 
Jordan; and LESBRA, monobasic, for Melanopolia 
graueri Hintz. Other new species and subspecies are: 
Melanolamia \ysida, M. cincta camerunensis, M. cotytta, 
M. freundei, M. catori vittata, M. brevicornis, and 
Agniolamia pardalis camerunensis. 


Vienna [VNHM}], Zoologische Sammlung, Munich 
[ZSM], and Mr. Ernst Fuchs [Fuchs]. 

The authors extend their thanks to the following 
persons for their part in arranging loans of 
specimens and for other favors: Dr. George 
Wallace, Dr. Elli Franz, Dr. Heinz Freunde, Dr. 
Mont Cazier, Dr. Hugh B. Leech, Mr. J. A. G. 
Rehn, Mr. J. Balfour-Browne, Mr. Rupert 
Wenzel, Dr. Henry Dietrich, Dr. Hans Sachtleben, 
Mr. E. F. Gilmour, Mr. Lionel Lacey, Dr. P. J. 
Darlington, Dr. René Malaise, Dr. G. Arnold, 
Dr. Edearde Gridelli, Dr. Otto Scheerpeltz, and 
Mr. Ernst Fuchs. 


Nigrolamia Dillon and Dillon, new genus 


Moderate to rather large, subcylindrical, rather 
robust. Head moderately long, not or feebly 
retracted; front slightly wider than long, narrowed 
between eyes, with scattered punctures; eye with 
lower lobe obliquely transverse, from 114 to 2 
times genal height; isthmus very narrow, about 
half as wide as upper lobes, which are separated 
by scarcely their own width; antennal tubercles 
approximate basally, divergent apically, promi- 
nent. Pronotum scarcely wider at base than 
long, gradually narrower apically; lateral tubercles 
median, robust, conical, armed with a robust, 
obtuse tooth; apical sulcus distinct only medially, 
basal sulcus broad, straight; disk with only a 
median tubercle, rather densely punctate on 
apical half. Elytra with basal gibbosity feeble, 
not crested; disk granulate-punctate, but not 
densely, on basal sixth, thence coarsely, sub- 
seriately punctate; apices squarely truncate; 
humeri simply rounded. Prosternal process 
simple, from one-fifth to one-fourth as broad as 
procoxal cavities; mesosternal process simple, 
about two-fifths as broad as mesocoxal cavity, 
truncate apically. Legs moderately long, front 
pair longest (male); femora robust, those of the 
two hind pairs successively more slender, hind 
femora attaining apex of fourth sternite, fore 
tibiae unarmed, fore tarsi strongly expanded in 
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male. Antennae 2 to 2144 times as long as body, 
fimbriate beneath on first four segments; scape 
attaining apical sixth of pronotum, robust, 
arcuate, gradually clavate apically, cicatrix ex- 
tending about two-thirds around apical margin, 
rather narrow, slightly expanded dorsolaterally; 
third segment tumid, with apical two-thirds 
wider or clavate on apical half (male), at least 
two-thirds longer than first segment; fourth either 
robust or tumid, slightly shorter than third; 
remaining gradually shorter, except the elongate 
eleventh. 

Genotype: Melanopolia farinosa Bates. 

All the species agree in being blackish, and in 
having on the pronotum two white vittae which 
converge to base. Structurally they are distinct 
in having but a single pronotal discal tubercle; 
the lateral tubercles are median; the eye has the 
lower lobe obliquely transverse and the isthmus 
about half as wide as the upper lobe; and the 
antennae have the scape short, with a narrow 
cicatrix, the third segment tumid or clavate. 
On their basal sixth the elytra are rather sparsely 
granulate-punctate. 


KEY TO THE SPECIES 


Elytra with a distinct whitish vitta along the entire 
length of suture. farinosa 

Elytra at most with a short basal vitta 

Elytra with a broad whitish area around scutellum 
which is entirely whitish pubescent 

Elytra without a basal white patch; scutellum 
fuscous, narrowly margined with whitish . ogowensis 


Nigrolamia borussa (Jordan), new combination 
Monochamus borussus Jordan 1902: 146; Breuning 1944: 

417. 

Male.—Piceous, rather densely covered with 
fuscous pubescence, and maculate with white as 
follows: Head above with three vittae, median 
one very fine, not attaining occiput, and a rather 
broad, feebly oblique one behind isthmus of eyes; 
front with an irregular fascia extending upward 
around anterior margin of eye, continuing along 
sides of sterna to end of metasternum and its 
sidepieces. Pronotum with a broad vitta each 
side, continuing the post-ocular vitta, converging 
to and nearly contiguous at base. Scutellum 
entirely white. Elytra with a common, broad, 
irregular patch around scutellum extending to 
about basal fourth; rest of disk nearly uniformly 
covered with fine reticulations. Body beneath 
and legs sparsely silvery-gray-pubescent; abdo- 
men with fuscous pubescence interspersed and 
with a double row of triangular white maculae 
each side at apices of segments. Antennae 
fuscous, becoming paler apically, sparsely covered 
with fuscous pubescence; scape feebly tinged 
with hoary at base, especially beneath; third and 
fourth segments broadly white annulate basally; 
remaining segments indistinctly hoary annulate 
basally. 


Head minutely, densely punctulate and with 
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scattered moderately fine punctures; front about 
one-sixth wider than long; eye with lower lobe 
transverse, half again as long as gena. Pronotum 
scarcely wider at base than long, very feebly 
narrowed apically; lateral tubercles median, 
broad, prominent, ending in a robust, obtuse 
tooth; apical sulcus obsolete except medially 
where it is deeply impressed and recurved, basal 
one shallow, straight, more deeply impressed 
at middle; disk with a single broad tubercle at 
middle before basal sulcus, with a few coarse 
punctures on apical half and towards lateral 
tubercles. Elytra with a few granulate-punctures 
on basal sixth, granules small and widely spaced, 
thence fairly densely, coarsely punctate, punctures 
diminishing gradually in size to apex, some more 
densely placed, subquadrate, and arranged in 
more or less regular rows; apices squarely truncate. 
Antennae twice body length, rather sparsely 
fimbriate beneath on first four segments; scape 
robust, gradually clavate, apex reaching slightly 
behind pronotal apex; third segment tumid, 
especially on apical three- eee feebly arcuate, 
two-thirds again as long as first; fourth rather 
tumid throughout entire length, slightly shorter 
than third; remaining segments very feebly 
shorter, except eleventh which is longest of all. 

Length 21 mm.; width 6.4 mm. 

Type locality: Congo. Distribution: 
Congo. 

Belgian Congo: 1; Kondué (Ed Luja) [DET]. 

This species is closely related to farinosa 
Bates, but is easily recognized by the absence of 
the sutural vitta, the elytra having instead a 
common broad, circumscutellar white area; in 
addition, the antennal third segment is nearly 
uniformly tumid throughout its length as is the 
fourth. 


Belgian 


Nigrolamia ogowensis Dillon and Dillon, 
new species 
Piceous to black, rather densely covered 


Male.— 
with fuscous pubescence. Head above with 
three white vittae, the median one very narrow, 
and one behind isthmus of eye much broader; 
front with a white, moderately narrow fascia, 
widening over genae and extending upwards along 
anterior margin of eye. Pronotum with a vitta 
each side, widely separated at apex, converging 
basally but not becoming approximate. Scu- 
tellum fuscous, basal angles and margins white. 
Elytra with numerous, rather broad patches of 
reticulating white lines, at apical quarter these 
areas are less numerous leaving a more or less 
distinct fuscous fascia. Body beneath with a 
broad, white vitta on prosternum laterally, 
attenuate apically, continuing across the meso- 
sternal sidepieces and metepisternum; sterna 
sparsely hoary-pubescent, metasternum with an 
irregular white patch laterally; abdomen fuscous- 
pubescent, with a double row of triangular white 
maculae laterally. Legs entirely thinly white- 
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pubescent; femora on either side with a small, 
fuscous macula at apex. Antennae with scape 
dark reddish brown to piceous, remaining seg- 
ments somewhat paler, rather sparsely fuscous- 
pubescent; basal thirds of first, third, and fourth 
segments whitish-annulate, basal thirds of remain- 
ing segments indistinctly so. 

Head above minutely alutaceous, with coarse, 
scattered punctures; front nearly one-third again 
as wide as tall, with scattered, coarse punctures; 
eye with lower lobe transverse, nearly twice as 
tall as gena. Pronotum as wide at base as long, 
feebly narrower apically; lateral tubercles medial, 
broad, well elevated, armed with a short, robust 
tooth; apical sulcus obsolete laterally, broad, 
rather deep, and recurved medially, basal sulcus 
straight, shallow, somewhat deeper medially; disk 
with a broad, median, feebly elevated tumescence 
before basal sulcus, entire surface more or less 
coarsely, but not densely, punctate. Elytra at 
extreme base granulate-punctate, the granules 
fine, not close-set, thence punctures simple, 
coarse, rather dense, and with several rows of 
close-set, quadrate punctures, all gradually finer 
apically; apices squarely truncate. Antennae 
about twice as long as body, feebly fimbriate 
beneath on first four segments; scape robust, 
gradually clavate to apex, just surpassing apical 
margin of pronotum; third segment tumid, feebly 
arcuate, two-thirds again as long as first; fourth 
segment somewhat tumid, narrowed apically, 
slightly shorter than third; rest feebly shorter, 
except eleventh, which is twice as long as third. 

Length 16.8-22 mm.; width 5-6.8 mm. 

Holotype: Male; Gabon (Mocquerys) [ANSP]. 
Paratype: Male; Kangvé, Ogowé River [CM]. 

While this species is closely related to borussa, 
the elytra lack a circumscutellar patch, the 
scutellum is fuscous, margined with white, and 
the pronotal vittae are not even subapproximate 
at base. 


Nigrolamia farinosa (Bates), new combination 
Melanopolia farinosa Bates 1884: 16; Waterhouse 1886: 

pl. 170, fig. 5. 

Monochamus farinosus Bates. 

1944: 416. 

Monohammus clavatus Hintz 1913: 197. 

Male.—Black, rather thinly covered with a 
fine fuscous pubescence so sparse that the insect 
appears glabrous, marked with white as follows: 
Head above with three vittae, an exceptionally 
narrow one medially and a much broader one 
behind isthmus of eye, wider anteriorly; on front 
a rather narrow fascia extending across gena to 
occiput, produced briefly along lower lobe of eye. 
Pronotum either side of middle with a moderately 
wide vitta which is oblique, converging basally, 
subcontiguous at extreme base. Scutellum en- 
tirely white. Elytra with a common vitta along 
suture, its margins very irregular, sometimes 
somewhat interrupted posteriorly; disk with two 
fasciae composed of reticular patches or small 
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maculae, one at apical quarter, the other at 
apex, anterior to middle with scattered maculae 
or reticular patches. Prosternum laterally with 
a rather broad white vitta, narrowed somewhat 
apically, continuing along sternal side-pieces over 
metepisternum, remainder of sternum sparsely 
white-pubescent; abdomen with a double row of 
small, triangular maculae laterally, rest of surface 
fuscous pubescent. Legs rather sparsely white- 
pubescent; femora with a small, fuscous macula 
over anterior and posterior sides at apex. 
Antennae with scape, third segment, and basal 
two-thirds of fourth black, rest dark reddish 
brown; sparsely fuscous-pubescent, except apical 
half of third which is more densely so; underside 
of basal two-thirds of scape whitish; basal halves 
of third and fourth segments white annulate. 

Head minutely, densely punctulate, with 
scattered, coarse, deep punctures; front feebly 
wider than high; eye with lower lobe transverse, 
about three-eighths again as tall as gena. Pro- 
notum very feebly wider at base than long, sides 
scarcely narrower apically; lateral tubercles 
medial, broad, moderately elevated, ending in a 
short, very robust tooth; apical sulcus obsolete 
laterally, wide, rather deep, recurved medially and 
punctate there, basal sulcus broad, rather shallow, 
straight; disk medially in front of basal sulcus 
with a broad, feebly elevated tumescence, rest of 
surface sparsely, coarsely punctate. Elytra at 
extreme base granulate-punctate, the granules 
small, not close-set, thence to basal fourth 
somewhat rugosely punctate, rest of surface with 
coarse punctures, becoming finer apically, and 
with other coarser, quadrate punctures forming 
several distinct regular rows; apices squarely 
truncate. Antennae from one and three-quarters 
to two times as long as body, sparsely fimbriate 
on first three segments, more densely so on apex 
of third; scape robust, extending just beyond apex 
of pronotum, gradually clavate, finely densely 
punctulate and with scattered coarse punctures; 
third segment strongly clubbed on apical half, 
nearly twice as long as first; rest gradually 
shorter, except eleventh, which is the longest of 
all. 

Length 15-20 mm.; width 4.5-6.1 mm. 

Type locality: Gabon. Distribution: 
Central Africa. 

Cameroons: 
[CM]. 1; Batanga (Good) [CM]. 
no further data [ANSP; SM]. 

The long sutural vitta extending nearly to 
apex of the elytra will at once distinguish this 
form. In addition, this species has the pronotal 
vittae converging and the lower lobe of the eye is 
transverse. 


West 


1; Efulen, Dec. 21, 1911 (Weber) 
Gabon: 2; 


Melanolamia Dillon and Dillon, new genus 


Moderately large beetles, with head rather 
short; front not retracted, vertical, longer than 
wide, slightly narrowed between eyes; eye with 
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lower lobe small, shorter than gena, oblique, 
isthmus broad, upper lobes separated by nearly 
twice one of their widths; antennal tubercles 
approximate at base, prominent. Pronotum 
slightly narrowed anteriorly, sides nearly straight, 
nearly as long as wide at base; lateral tubercles 
median, broad, feebly prominent, ending in a 
short tooth; disk nearly smooth, without any 
distinct tubercles; a single transverse sulcus at 
base and apex, subobsolete, the basal one more 
distinct. Elytra granulate-punctate near base; 
disk subseriately or confusedly punctate, punc- 
tures distinct; basal gibbosity very feeble, without 
a crest; humeri rounded; apices separately 
rounded; sides gradually narrowed apically, more 
strongly so behind apical third. Prosternum 
simple, rather narrow, about one-fourth as wide 
as a procoxal cavity; mesosternal process simple, 
visibly margined, nearly half as wide as a meso- 
coxal cavity, apex truncate; metasternum im- 
pressed behind the mesosternal process. Legs 
moderately long, hind ones longest, hind femur 
in male nearly attaining apex of abdomen, in 
female attaining fourth sternite; all femora sub- 
cylindrical, feebly wider medially; tibiae shorter 
than femora in both sexes, unarmed; fore tarsi 
not dilated in male. Antennae twice as long as 
body in male, about one and one-half times body 
length in female, beneath fringed feebly only on 
scape; scape cylindrical, feebly, gradually clavate, 
attaining middle of pronotum, cicatrix entirely 
dorsal, widened on the external portion; third 
segment straight, one-half longer than scape, 
remaining segments gradually decreasing in 
length. 

Genotype: Monochamus albosignatus Hintz. 

This genus is most closely related to A gniolamia 
in the shapes of the front, eye, and scape. It is 
at once distinct in the simple mesosternum, in the 
longer hind legs, and in the rounded elytral apices. 


KEY TO SPECIES 


Elytral white maculae irregularly confluent, more or 
less concentrated along middle of disk, forming a 
broad vitta, suture and sides nearly devoid of vittae 

albosignata 

Elytra densely irrorate with white, the surface uniformly 
covered , melaleuca 


Melanolamia albosignata (Hintz), 
new combination 
Monochamus albosignatus Hintz 1919: 615. 
Monochamus meloleuca m. albosignatus Hintz. 

1944: 415. 

Male.—Piceous or black, subopaque, densely 
covered with short, fine, fuscous pubescence, and 
maculate with white as follows: Head above 
with a rather narrow median vitta which extends 
on front to clypeus but expands only from about 
middle of front; front narrowly margined each 
side; gena with a broad vitta not attaining front, 
extending to apex of fourth abdominal sternite, 
imperceptibly continued on fifth sternite by a 
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vague macula. Pronotum with a rather broad 
median vitta which is strongly expanded at base; 
above lateral tubercle with a fine streak. Scu- 
tellum entirely white. Elytra coarsely irrorate, 
the maculae irregularly confluent and more or 
less concentrated along middle of disk, suture 
and sides nearly devoid of maculation. Body 
beneath and legs cinereous-pubescent, tibiae 
indistinctly but broadly annulate with fuscous 
at base and apex. Antennae piceous, apical 
segments dark reddish-brown, uniformly covered 
with fine, fuscous pubescence, not annulate. 

Entire upper surface minutely alutaceous. 
Head above with a few fine, setigerous punctures; 
front one-fourth again as high as wide, with a few 
fine punctures above; eye with lower lobe ovate, 
distinctly shorter than gena. Pronotum about 
as long as wide, feebly narrowed apically, lateral 
tubercles broad basally, somewhat prominent, 
ending in a short, subacute tooth; apical sulcus 
subobsolete, basal one broad, shallow, scarcely 
visible except laterally; disk tumid each side 
above lateral tubercles but without tumescences, 
finely, sparsely punctate medially. Elytra rather 
finely granulate-punctate on basal fifth, the 
punctures thence subrugose to middle except 
along suture, thence finer to apex. Antennae 
about twice as long as body, very sparsely 
fimbriate beneath on first four segments; scape 
gradually clavate, moderately robust, attaining 
middle of pronotum; third segment gradually 
clavate apically from middle, one-half again as 
long as first; remaining segments gradually 
shorter, except eleventh which is about as long 
as fifth. 

Female.—More robust; antennae about two- 
thirds again as long as body. 

Type locality: Edea, Cameroons. Distribution: 
Cameroons. 

Cameroons: 1; 
2; Sakbayeme (Reis) [CM]. 
[CM]. 

While very close to melaleuca, this species is 
constantly different from it in having the pronotal 
median vitta subparallel-sided nearly to base, 
and in having the elytral irrorations irregularly 
confluent and remote from suture and _ side, 
forming an irrorate vitta. 


Lolodorf (A. I. Good) [CM]. 
6; Efulen (Weber) 


Melanolamia melaleuca (Jordan), 
new combination 


Monochamus melaleuca Jordan 1902: 147. 
415. 


Breuning 1944: 


Male.—Piceous to black, slightly shining, very 
sparsely covered with short, fine, fuscous pubes- 
cence, and maculate with white as follows: Head 
with a rather narrow median vitta above, 
extending on front where it gradually becomes 
very broad; front narrowly margined each side, 
and often clouded with cinerous; genae with a 
very broad vitta, which is narrowly separated 
from that of front, continuing along side of body 
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to tip of abdomen. Pronotum with a broad, 
cinereous vitta medially, which expands gradually 
and only slightly from apex to base; above lateral 
tubercles with a short streak. Scutellum entirely 
white. Elytra rather densely irrorate, the entire 
surface nearly uniformly covered. Body beneath 
and legs  cinereous-pubescent; fernora not 
annulate; tibiae broadly but vaguely annulate 
with fuscous at base and apex. Antennae dark 
reddish-brown, apical segments sometimes slightly 
paler, sparsely covered with short, fine, silky, 
dark brown pubescence, not annulate. 

Entire upper surface minutely alutaceous. 
Head above at middle with a few fine setigerous 
punctures; front one-third again as high as wide, 
with a few moderately fine punctures at top; 
eye with lower lobe ovate, distinctly shorter than 
gena. Pronotum nearly as long as wide at base, 
slightly narrowed apically; lateral tubercles 
median, broad basally, not prominent, ending in 
a robust, obtuse tooth; apical sulcus subobsolete, 
basal one shallow, broad, obsolete medially; disk 
tumid each side above lateral tubercle but 
without distinct tumescences; surface nearly 
impunctate, a few fine punctures near base and 
apex. Elytra granulate-punctate on basal sixth, 
thence rather coarsely, subrugosely punctate, the 
punctures a little finer along suture behind 
middle and at apex; apices separately, rather 
broadly rounded. Antennae about 134 times 
body length, very sparsely fimbriate beneath on 
first five segments; scape rather slender, verv 
feebly clavate apically, attaining middle of 
pronotum; third segment gradually more robust 
apically, straight, nearly one-half again as long 
as first; remaining segments gradually decreasing 
in length, eleventh a little longer than tenth. 

Female.—More robust; antennae wanting on 
specimen seen. 

Length 16-18 mm.; width 4—4.5 mm. 

Type locality: Benito, French Congo. 
tribution: West Central Africa. 

Cameroons: 2; no further data [.DEI, NRS]. 
1; Mundame (P. Ringler) [SM]. 1; Engleburg 
[SM]. 

The presence of a median vitta on head and 
pronotum will distinguish this from the other 
black species in the tribe, with the exception of 
albosignata, from which it can be separated by 
the placement of the elytral maculae. 


Dis- 


Melanopolia Bates 
Melanopolia Bates 1884: 15. Jordan 1902: 151. 

1944: 386. Lepesme 1952: 87. 

Griphammus Jordan 1894: 195 (monobasic; type G. ligatus 

Jordan). 

Black, with white pubescent markings, 
moderate-sized, subcvlindrical. Head moderately 
short, not retracted below; front convex, slightly 
transverse, scarcely narrowed between eyes, with 
a fine median carina; eye with lower lobe trans- 
verse, slightly shorter to one-fourth taller than 
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gena, isthmus very narrow, about two rows 
of facets wide, upper lobes much wider than 
isthmus, separated by the width of one upper 
lobe or slightly more; antennal tubercles robust, 
not strongly elevated, separated at base, strongly 
divergent apically. Pronotum about one-fifth 
wider across base than long, narrower apically, 
basal margin undulating; lateral tubercles broad, 
slightly elevated, placed slightly behind middle, 
armed with an obtuse tooth; basal and apical 
sulci distinct, the latter strongly recurved 
medially; disk usually with two tubercles (rarely 
with four) and with a distinct, broad, transverse 
impression medially. Elytra with basal margin 
undulating; basal gibbosities wanting; disk simply, 
coarsely punctate, with several longitudinal 
costae on apical three-fourths toward suture; 
apices squarely truncate or feebly emarginate, in 
brevicornis with a distinct tooth at suture; 
humeri prominent, rounded, neither granulate nor 
tuberculate. Prosternum simple, moderately 
broad; mesosternal process very broad, at 
anterior angle widened, with a wide rounded 
tubercle, strongly declivous anteriorly. Legs 
moderately short, the front ones slightly longer, 
the middle ones shortest; femora robust, slightly 
tapering to base and apex; hind femora attaining 
apex of fourth sternite in male, tip of third in 
female; front tibiae unarmed, front tarsi feebly 
enlarged in male. Antennae usually distinctly 
longer than body, sometimes (in male) nearly 
twice the body length (in female of brevicornis, 
whose male is unknown, the antennae are much 
shorter than body), moderately fimbriate beneath 
on first four or six segments; scape somewhat 
variable in form and length, robust, feeblv 
arcuate, gradually clavate to middle or to apex, 
reaching to apical third or fourth of pronotum, 
cicatrix extending about three-fourths around 
apical margin, broadened laterally, entirely 
rimmed; third segment usually longer than scape, 
sometimes clavate or pilose apically; fourth 
segment variable, often shorter than third but 
sometimes longer; remaining segments gradually 
shorter, eleventh rarely longer than tenth. 

Genotype: Melanopolia frenata Bates, by 
present designation. The two other species, 
convexa and farinosa, originally included, have 
been removed to other genera. 

The black color, the form of the mesosternal 
process, and especially the undulating basal 
margins of elytra and pronotum are diagnostic. 
The front is transverse, convex, and has a char- 
acteristic fine carina medially. 

KEY TO SPECIES 
Third antennal segment covered apically with long, 
erect pile. ... ats ; P55 see ; 
Third antennal segment not pilose apically....... 3 
Median impression of pronotum with transverse 
rugosities crossing its entire surface; fourth 
antennal segment shorter than third in both 
sexes, the scape short, robust, nearly as thick at 
middle as at apex lysida 


€ 
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Median impression of pronotum with transverse 
rugosities confined to sides so that it is smooth 
medially; fourth antennal segment longer than 
third in male, scape rather slender, gradually 
thickened to apex which is much wider than 
middle portion i 

Lateral band on pronotum not continuing that on 
front; elytra each with a large, densely white- 
tomentose macula at apical third 

Lateral vitta on pronotum continuing that of front; 
elytra without a large, densely white-tomentose 
macula at apical third + 

Scape longer than third segment. -longiscapa 

Scape shorter than third segment. 

Elytral apex with a distinct tooth at sutural angle 

brevicornis 

Elytral apex without a tooth at sutural angle .... 6 

Elytra with a distinct, oblique, white vitta extend- 
ing at least to basal third of disk. ea 7 

Elytra with basal vitta confined to ‘extreme base 

nubilosa 

Elytra just behind middle with a broad, white 
fascia, narrower laterally . ie 

Elytra without a postmedian fascia 

Postmedian fascia of elytra uniformly pubesc ent, 
not composed of small, more or less confluent 
maculae, indistinctly connected to basal vitta 
near middle of disk. . . latifasciata 

Postmedian fascia of elytra composed of small, 
somewhat confluent maculae connected to basal 
vitta at suture 

Elytra with basal vitta extending to apical third 
of disk .... ligondesi 

Elytra with basal vitta not extending behind 
middle 

Pronotal lateral vitta equally wide in the portions 
above and beneath the lateral tubercles; basal 
vitta of elytra broad, covering entire humerus 

freundei 

Pronotal lateral vitta with its lower margin barely 
covering lateral tubercle; basal vitta of elytra 
narrow, not covering humerus................ 11 

Basal vitta of elytra curving to suture at basal 
third, remainder of surface uniformly white- 
irrorate; disk with four distinct costae 
Basal vitta of elytra not curving to suture; re- 
mainder of surface irregularly sprinkled with 
maculae, with a large dark area on sides near 
base and another before apex; disk with three 
distinct costae ae frenata 


Melanopolia tysida I Dillon and Dillon, 
new species 
sparingly 

Head with a broad, white vitta extending across 
front, below eyes to base, and on vertex with a 


Male.—Black, fuscous-pubescent. 


median, whitish vitta which bifurcates 
anteriorly and extends onto antennal tubercles. 
Pronotum laterally with a broad, white vitta 
continuing that on head to base across lateral 
tubercles; disk each side of middle with an 
irregular vitta of sparse, whitish pubescence, 
extending from base to apex. Scutellum with 
basal angles sparsely whitish-pubescent. Elytra 
on extreme base with a very short, broad, white 
macula; remainder of surface largely covered 
with irregular, white maculae, leaving a common 
scutellar area and an oblong fascia at apical fifth, 
fuscous. Body beneath and legs sparsely whitish- 
pubescent; abdomen glabrous medially, the 
sternites each laterally irregularly, transversely, 
white-maculate basally; femora broadly annulate 


narrow, 
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with fuscous beyond middle. Antennae black, 
fuscous-pubescent; basal half of third segment 
and basal three-fifths of fourth annulate with 
whitish, remaining segments indistinctly tinged 
with white basally. 

Head minutely, densely punctulate, with a 
few fine punctures interspersed; front about one- 
fourth again as wide as long; eye with lower lobe 
slightly transverse, one-fourth again as long as 
gena. Pronotum one-fifth wider than long at 
base, distinctly narrowed apically; lateral 
tubercles broad, feebly elevated, ending in a 
short, blunt tooth; transverse sulci obsolete 
laterally, the apical one strongly recurved 
medially; disk with two broad, feebly elevated 
tubercles, the median impression shallow, strongly 
transversely rugose, impunctate laterally; anterior 
to apical sulcus a deep longitudinal impression 
mediaily; disk near base and on bases of lateral 
tubercles coarsely, sparsely punctate. Elytra 
basally coarsely, deeply punctate, with four 
costae, extending from basal quarter to apical 
fifth, with single rows of coarse punctures on the 
interstices, reminder of surface coarsely, deeply, 
not densely punctate; apices broadly squarely 
truncate. Antennae one-third longer than body, 
sparsely fimbriate beneath on first four segments; 
scape attaining apical fourth of pronotum, feeblv 
arcuate, robust, strongly thickened to middle, 
the apex scarcely wider; third segment one-quarter 
longer than scape, apical half distinctly swollen 
and densely covered with long fuscous pile, 
remaining segments gradually shorter, except 
eleventh which is slightly longer than tenth. 

Female.—More robust than male; antennae 
feebly longer than body, segments strongly 
shortened from fifth, eleventh scarcely longer 
than tenth. 

Length 14-15 mm.; width 4.3-5 mm. 

Holotype: Male; Jaunde, Cameroons (E. Ross) 
[SM]. Allotvpe: Female, Mongoumba, Ubangi, 
Dec. 1, 1929, (A. Schultze) [SM]. 

Superficially this species closely 
nubilosa but is quite distinct in having the 
antennae much shorter in both sexes, and 
especially in having the third antennal segment 
densely pilose on apical half. From cincta, to 
which it likewise bears a resemblance, it is 
distinct in having the antennae distinctly annulate 
in female, the scutellar area and the pronotal disk 
are pubescent, the antennal scape is shorter and 
more robust, the third segment being nearly one- 
half again as long as first in male while the fourth 
is shorter than third in both sexes. 


resembles 


Melanopolia cincta cincta Jordan 


Melanopolia cincta Jordan 1902: 151. 

Male.—Black. Head with a broad, white 
vitta extending across lower margin of front and 
below eyes to base; above with a narrow, sparsely 
white-pubescent vitta medially, anteriorly bi- 





5 5 8 


furcated and extending onto antennal tubercles. 
Pronotum with a broad, white vitta laterally, its 
lower margin just extending over lateral tubercle; 
disk sparsely fuscous pubescent. Scutellum 
entirely glabrous. Elytra sparsely, finely, fuscous 
pubescent, with a short, indistinct, white vitta 
continuing that of sides of pronotum, extending 
scarcely onto base, thence evanescent, disappear- 
ing into the general maculation of disk, which is 
densely irrorate with small, white, more or less 
confluent maculae; scutellar area nearly entirely 
glabrous, extending to basal third at suture; at 
apical fourth a rather irregularly triangular, semi- 
glabrous area, devoid of white maculae, its base 
along lateral margin, its apex not quite attaining 
suture. Meso- and metasternum thinly white- 
pubescent, metepisternum sparsely fuscous- 
pubescent; metasternum densely white-pubescent 
laterally, glabrous medially; abdomen with first 
sternite white-pubescent, with a large, triangular, 
glabrous area medially, the second sternite 
broadly white-pubescent laterally, narrowing to 
middle at base; the third and fourth segments 
sparsely white-pubescent laterally, pubescence 
covering only one-fourth of width each side; 
fifth with a broad, white macula each side at 
base. Legs sparsely white-pubescent; femora 
with a broad, rather indistinct, fuscous macula 
beyond middle. Antennae piceous; scape black, 
thinly white-pubescent; third segment with 
nearly entire basal half white-pubescent, the rest 
densely black-pilose; fourth segment with basal 
two-thirds, fifth and sixth with basal third, and 
extreme bases of remaining segments, white- 
annulate. 

Head finely, obsoletely punctulate; front with 
a few coarser punctures interspersed, one-fifth 
wider than high; eye with lower lobe broadly 
transverse, the lower margin rounded, feeblv 
shorter than gena. Pronotum feebly wider 
across base than long, scarcely narrowed apically; 
lateral tubercles broad, feebly elevated, ending 
in a short, obtuse tooth; transverse sulci feeble, 
the basal one feebly arcuate, the apical one 
strongly recurved medially; disk anterior to 
apical sulcus medially with a narrow impression, 
with a rather broad, feebly elevated tubercle 
each side of middle just behind apical sulcus, 
median impression broad, shallow, with several 
rugosities each side; disk rather deeply, coarsely 
punctate on basal half, finely, sparsely so on 
remainder of surface and on bases of lateral 
tubercles. Elytra on basal fourth with a few, 
coarse, deep punctures, from just before middle 
with four rather well-defined costae, the second 
and fourth coalescent at apical fifth, the interstices 
with an irregular row of coarse, widely spaced 
punctures; remainder of disk with coarse, deeply 
impressed punctures; apices rather narrow, feeblv, 
arcuately truncate. Antennae about twice body 
length, sparsely fimbriate on first, third, and 
fourth segments; scape attaining basal third of 
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pronotum, feebly arcuate, gradually clavate to 
apex where it is somewhat expanded; third 
segment straight, strongly expanded from basal 
third and densely pilose, two-fifths again as long 
as first; fourth feebly longer than first; fifth and 
following feebly decreasing in length, except the 
elongate eleventh. 

Female.—More robust than male. Antennae 
only slightly longer than body; third segment 
reddish-fuscous-pilose; fourth segment slightly 
shorter than third, rest strongly diminishing in 
length. 

Length 15.5-17 mm.; width 5.0-5.7 mm. 

Type locality: Benito, French Congo. 
tribution: French Congo. 

French Congo: 2; Benito [BM-cotypes]. 

This species is similar to M. freundei in macula- 
tion, but the lateral pronotal vitta is not so 
broad, the white pubescence of elytra is finer and 
sparser, and, especially, the third antennal 
segment is pilose. Moreover, the maculation of 
the under surface is quite different. 


Dis- 


Melanopolia cincta camerunensis Dillon and 
Dillon, new subspecies 
Melanopolia cincta [nec] Jordan. Breuning 

{misdet.]. 

Male and female. As in the typical form, but 
the elytral basal vitta extending distinctly to basal 
fourth, the discal irroration much more confluent; 
on each side beginning behind humerus a large 
semi-glabrous macula devoid of white maculation, 
ending just before middle, its inner margin not 
extending beyond middle of disk, and the sub- 
apical dark area more quadrate. 

Length 14.5-15.5 mm.; width 5.0-5.8 mm. 

Holotype: male; Lolodorf, Cameroons, Nov. 2, 
1914, (J. A. Reis) [CM]. Allotvpe: Female; 
Cameroons (Conradt) [NRS]. Paratype: Male; 
Lolodorf, Apr. 30 (Samuel Dunkel) [ZSM]. 


1944: 387 


Melanopolia nubilosa Breuning, new status 
Melanopolia frenata m. nubilosa Breuning 1944: 387. 


Male.—Black. Head with a broad, white- 
tomentose vitta extending across front below eyes 
to base; vertex with a narrow median vitta 
of much less dense pubescence which bifurcates 
anteriorly and extends onto antennal tubercles. 
Pronotum sparsely fuscous-pubescent, with a 
rather broad, white vitta continuing that on side 
of head over lateral tubercles to base; disk 
medially and each side of middle with irregular, 
sparsely white-pubescent areas. Scutellum with 
basal angles and margins thinly white-pubescent. 
Elvtra fuscous-pubescent, with pronotal vitta 
scarcely continued onto hase, rest of surface with 
small, irregular, thinly white-pubescent maculae 
which are more or less coalescent; at base a large, 
common, scutellar area of fuscous, just behind 
which at suture is a small similar area, and at 
apical quarter toward sides a larger one which 
does not attain suture. Body beneath sparsely 
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white-pubescent; abdomen glabrous, sternites 
(except first which is entirely white laterally) with 
a white macula each side. Legs thinly white- 
pubescent; femora broadly fuscous-annulate 
beyond middle; middle and hind tibiae similarly 
annulate. Antennae black, fuscous-pubescent; 
basal third of scape thin!v white-pubescent; basal 
half of third, basal two-thirds of fourth, and 
basal fourths of remaining segments densely 
white-pubescent. 

Head finely obsoletely punctulate, medially 
with a few scattered punctures; front one-fourth 
again as wide as high; eye with lower lobe trans- 
verse, one-fifth again as tall as gena. Pronotum 
one-fifth wider at base than long, distinctly 
narrower apically; lateral tubercles postmedian, 
broad, feebly elevated, ending in a blunt tooth; 
basal and apical sulci rather obsolete laterally, 
the latter broadly recurved medially; disk with 
apical tubercles subobsolete, the median impres- 
sion shallow and laterally coarsely punctate; 
anterior to apical sulcus medially a short, longi- 
tudinal impression, base and bases of lateral 
tubercles with a few coarse punctures. Elytra 
at base coarsely, sparsely punctate, each with 
four distinct costae, with a row of punctures on 
interstices, the costa extending from near basal 
fourth, coalescent behind apical fourth, rest of 
surface deeply coarsely, reticularly punctate; 
apices separately, broadly rounded. Antennae 
one and two-thirds times as long as body, sparsely 
fimbriate beneath on first to fourth segments; 
scape attaining apical third of pronotum, robust, 
feebly arcuate, distinctly clavate to apex; third 
segment swollen on apical half, not pilose, one- 
third again as long as first; fourth segment as 
long as third; rest gradually decreasing in length, 
except the elongate eleventh. 

Length 16.5 mm.; width 5.5 mm. 

Type locality: Gabon. Distribution: Gabon. 

Gabon: 1, no further data [MCZ]. 

From frenata this species is distinct in having 
the elytral vitta confined to extreme base, in 
the metasternum lacking a_ white-tomentose 
lateral macula, and in the pronotum being 
medially smoothly sculptured. 


Melanopolia frenata Bates 
Melanopolia frenata Bates 1884: 16. Breuning 1944: 387. 


Male.—Black, with white-tomentose markings 
as follows: Head with a broad band on lower 
margin of front, extending below eyes to occiput, 
continuing across sides and lateral tubercles of 
pronotum; on vertex with a narrow, less dense, 
median vitta, broken into maculae between and 
on antennal tubercles. Pronotal disk with sparse 
dark brown pubescence and with minute, scat- 
tered patches of whitish pubescence along 
median line. Scutellum narrowly, indistinctly 
margined with white. Elytra each with a 


Monochamini of the Ethiopian Region 


559 


broad, oblique vitta continuing that of sides of 
pronotum, at base not extending over humerus, 
reaching basal third of disk, where it breaks up 
into small maculae; apical half covered with 
somewhat confluent, small, whitish maculae. 
Body beneath rather densely, broadly, white- 
pubescent along each side, interrupted by small, 
glabrous maculae on sternites. Legs largely 
sparsely white-pubescent; femora medially, 
broadly, indistinctly banded with brownish. 
Antennae dark-brown-pubescent, basal halves of 
third and fourth segments, and basal fourths of 
following segments strongly white-annulate. 

Head finely, obsoletely punctulate, with a few 
scattered punctures; front transverse, about one- 
third wider than high; eye with lower lobe 
transverse, rounded below, scarcely taller than 
gena. Pronotum one-sixth wider across base 
than long, distinctly narrowed apically; lateral 
tubercles very feebly elevated, postmedian, ending 
in a short, obtuse tooth; basal sulcus obsolete 
laterally, shallow and undulating medially, apical 
one broad, shallow, recurved at middle; disk with 
a broad, feebly elevated tubercle either side of 
middle behind apical sulcus; between these is a 
broad, shallow depression which is transversely 
rugose, anterior to apical sulcus a distinct 
triangular impression, basally and on base of 
lateral tubercles with a few scattered punctures. 
Elytra on basal third of disk with coarse, irregu- 
larly placed punctures, thence each with three 
distinct costae which merge at apical fifth and 
between which are coarse, seriate punctures, rest 
of surface coarsely, rugosely punctate; apices 
broadly, squarely truncate, the angles not 
prominent. Antennae feebly fimbriate beneath 
on first four segments, 124 to 2 times as long as 
body; scape attaining apical third of pronotum, 
feebly arcuate, cylindrical, gradually clavate 
apically, finely, densely punctulate; third segment 
moderately swollen on apical half, one-third 
again as long as first, not pilose; fourth as long 
as third or feebly longer; rest gradually decreasing 
in length, except the very elongate eleventh. 

Female.—More robust than male; antennae 
one-fourth longer than body, fourth segment one- 
tenth shorter than third, eleventh slightly longer 
than tenth. 

Length 13-19; width 4.6-6.5 mm. 

Type locality: Gabon. Distribution: 
central Africa. 

Cameroons: 3; no further data [NRS]. 1; 
Buea, (Rhode) [NRS]. 1; Matute, Tiko PIl., 
May 1, 1949 (Malcolm) [CAS]. 2; Dibongo, 
Sanaga, [SMO]. Gabon: 1; Lukolela, 1° 5’ S, 
Jan. 14, 1921 [AMNH]. No locality data: 1; 
[ZSM]. 

This species can be recognized by the rather 
long basal vitta of the elytra and the untufted 
third antennal segment. 


West 
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Melanopolia cotytta Dillon and Dillon, 
new species 


Male.—Black, sparsely covered with short, 
fuscous pubescence. Head with a broad, white 
vitta extending across lower part of front and 
below eyes along sides of head to thorax; on 
vertex often with a fine, whitish median vitta; 
eye with upper lobe sometimes very narrowly 
outlined with white. Pronotum each side with 
a broad, white vitta continuing that on head, 
extending slightly obliquely (and almost entirely 
above the lateral tubercles) to base; disk medially 
with a short, whitish vitta behind middle and 
apically each side with a large, vague, whitish 
macula. Scutellum narrowly margined with 
white pubescence. Elytra with an arcuate, 
white vitta, extending that of the pronotum, 
from the basal margin to the basal third of the 
suture and enclosing a common, fuscous, scutellar 
area, remainder of surface nearly uniformly 
covered with fine, white maculae which are 
somewhat coalesced. Body beneath and legs 
sparsely covered with hoary white pubescence, 
sides of mesosternum with a broad white, 
tomentose vitta; abdomen glabrous medially, 
sides of sternites each with a rounded, fuscous 
macula apically; femora often annulate with 
fuscous beyond middle. Antennae black, apical 
segments scarcely paler, basal halves of third and 
fourth segments, and basal quarter of fifth and 
following segments white-annulate. 

Head finely, densely punctulate and with 
sparse, shallow punctures interspersed; front 
one-fourth wider than long; eye with lower lobe 
transverse, scarcely taller than gena; pronotum 
one-sixth wider across base than long, distinctly 
narrowed apically; lateral tubercles broad, feebly 
elevated, armed with a very short, blunt tooth 
placed distinctly behind middle; apical and basal 
transverse sulci narrow and rather deeply im- 
pressed, basal one sinuate, the apical one recurved 
medially; disk with three broad, feebly elevated 
tubercles surrounding a distinctly impressed 
area, the surface of which is strongly, transversely 
rugose and laterally coarsely, deeply punctate, 
remainder of disk sparsely, irregularly punctate; 
anterior to apical sulcus, at middle, an irregular 
impression. Elytra on basal third of disk with 
coarse, sparsely placed punctures, the punctures 
thence to apex denser but not finer, and towards 
suture seriate, the interstices of four of these 
series are costiform, in addition there are two 
short costae laterally; apices broadly, squarely 
truncate, the angles not prominent. Antennae 
about three-fourths again as long as_ body, 
finely fimbriate beneath on first four segments; 
scape attaining apical third of pronotum, slightly 
arcuate, subcylindrical, gradually clavate apically, 
finely, densely punctulate; third segment robust, 
scarcely swollen apically, not pilose, one-fourth 
longer than scape; fourth segment scarcely 
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shorter than third, remainder gradually diminish- 
ing in length, except the elongate eleventh. 

Female.—More robust; antennae one-third 
again as long as body, third segment appearing 
more robust, fourth segment subequal to third. 

Length 14-17 mm.; width 4.5-5.6 mm. 

Holotype: Male; Buta, Belgian Congo [SM]. 
Allotype: Female; topotypic [SM]. Paratypes: 
3; topotypic [SM]. 1; Kasai Region, Belgian 
Congo, (Winkler) [Trieste]. 1; Kassai, Belgian 
Congo (E. Taymans) [NRS]. 1; Ilibo, country 
of the Bakouba, Belgian Congo [BM]. 

This species closely resembles frenata, but 
differs in having the basal elytral vitta curving 
to the suture at basal third, the remainder of the 
surface being uniformly white-maculate without 
any large dark areas interspersed. In addition, 
the pronotum medially is much more roughly 
sculptured, and the elytra have four distinct 
costae extending from basal third to near apex, 
instead of three as in frenata; the antennae have 
the third segment in male robust throughout, and 
the fourth antennal segment is slightly shorter 
than the third, while in the female the fourth is 
subequal to the third. 


Melanopolia freundei Dillon and Dillon, 
new species 

Male.—Black; very sparsely covered with 
short, fuscous pubescence. Head with a broad, 
white vitta extending across lower margin of 
front and below eyes to occiput, on vertex with 
an indistinct whitish, median vitta confined to 
occiput; upper margins of eye and inner surface 
of antenna tubercles sparsely white-pubescent. 
Pronotum laterally with a white vitta, continuing 
that on head across lateral tubercles to base, this 
vitta quite broad and of equal width above and 
below lateral tubercle; disk medially with a 
short, faint, whitish streak. Scutellum narrowly 
margined each side with white. Elytra each 
with a broad, oblique vitta continuing that on 
sides of pronotum, attaining suture anteriorly 
at basal third and posteriorly at apical third, at 
basal margin extending from middle to well 
below humerus; just behind middle laterally, a 
broken macular fascia extending obliquely for- 
ward to connect with the basal vitta; apex 
irregularly maculate with white. Beneath piceous, 
sparsely white-pubescent, each side with a broad 
vitta of dense, white pubescence, extending from 
mesepisterna to tip of abdomen; abdomen 
broadly glabrous medially, each sternite at base 
of extreme sides with an irregular, glabrous 
macula. Legs rather densely white-pubescent; 
femora on outer surface with a broad, poorly 
defined, fuscous band just beyond middle. 
Antennae black, fuscous-pubescent, third and 
fourth segments with basal halves, remaining 
segments with basal fourths, white-annulate. 

Head sparsely, obsoletely punctulate; front 
about one-fifth wider than high; eye with lower 
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lobe transverse, rounded below, scarcely taller 
than gena. Pronotum one-fourth again as broad 
across base as long, distinctly narrowed anteriorly ; 
lateral tubercles feebly elevated, ending in a 
short, obtuse tooth; transverse sulci obsolete 
laterally, distinct medially, apical one broadly 
recurved at middle; disk with a broad, slightly 
prominent tubercle each side of middle behind 
apical sulcus, between these is a broad, shallow 
impression which is transversely rugose each 
side, anterior to apical sulcus at middle, a narrow 
put deep, longitudinal impression; disk behind 
middle and bases of lateral tubercles with a 
number of coarse, deep punctures. Elytra on 
basal third of disk with sparse, coarse, irregularly 
placed punctures, each thence with two quite 
obsolete costae between which are several lineate 
series of fine punctures, remainder of surface 
rather densely and coarsely punctate; apices 
broadly, squarely truncate, the sutural angle 
feebly prominent. Mesosternal process strongly 
expanded anteriorly, partially covering meso- 
coxae. Antennae about two-thirds again as long 
as body, distinctly fimbriate beneath on first four 
segments; scape attaining apical two-fifths of 
pronotum, feebly arcuate, gradually clavate 
apically, somewhat expanded at extreme apex, 
surface finely, densely punctulate; third segment 
gradually slightly thickened from base, one- 
fourth again as long as first, not pilose; fourth 
subequal to third; remaining segments gradually 
diminishing, except for the distinctly elongate 
eleventh. 

Length 17.5 mm.; width 5.6 mm. 

Holotype: Male; Bascho Nigeria, September 3, 
1906 [ZSM]. 

This species, which is named in honor of Dr. 
Heinz Freunde, Curator of the Munich Collection, 
is distinct in having the lateral white vittae of the 
pronotum very broad, extending equally above 
and below lateral tubercles. On the elytra the 
continuation of this vitta is likewise broad so as 
to cover the entire humerus; in fact, the entire 
elytron is nearly entirely white-pubescent (though 
more sparsely so anteriorly), except for a tri- 
angular, common, scutellar area, a broad lateral 
area on basal half, a smaller lateral area just 
before apex, and numerous glabrous maculae on 
apical half. In addition, the elytral costae are 
obsolete, and the mesosternal process is strongly 
expanded anteriorly, in part concealing the 
mesocoxae. 


Melanopolia latifasciata Breuning, 
new status 
Melanopoha ligata m. latefasciata Breuning 1944: 387. 


Female.—Black, shining. Head with a broad, 
white band on lower margin of front, extending 
below eyes to base, continuing along sides of 
pronotum to base, covering the lateral tubercles 
but wider above them than below. Elytra 
finely fuscous-pubescent apically; behind middle 
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at sides with a broad, white fascia which widens 
as it crosses the disk to suture; basally near 
humerus a short, white vitta, continuing that of 
sides of pronotum, indistinctly extending to the 
postmedian fascia; just before apex an irregular, 
narrow, white fascia. Body beneath and legs 
rather sparsely white-pubescent, metasternum 
laterally densely so; abdomen glabrous, first, 
second, and fifth sternites with a broad, white 
macula each side, the third and fourth with a 
small, triangular one each side. Femora broadly 
fuscous-annulate medially. Antennae finely 
fuscous-pubescent, third and fourth segments 
white-annulate on basal half, following segments 
more narrowly so. 

Head finely, obsoletely punctulate; front about 
one-fourth again as wide as high, finely punctate 
above; eye with lower lobe transverse, subequal 
to gena in height. Pronotum one-fourth again 
as broad at base as long, apically distinctly 
narrowed; lateral tubercles broad, feebly elevated, 
ending in a short, blunt tooth; transverse sulci 
rather deep, at sides obsolete, the apical one 
strongly recurved medially; disk with two broad, 
feebly elevated tubercles, the median impression 
broad, deep, continuous with the subapical 
impression, with one or two transverse rugosities 
basally; surface of disk each side with several 
coarse punctures and a few fine ones near lateral 
tubercles. Elytra on basal fourth sparsely, 
coarsely punctate, each with three rather low 
costae extending from basal third, the first and 
third coalescent at apical fifth, the intervals 
irregularly, sparsely, coarsely punctate, remainder 
of disk quite densely, coarsely punctate; apices 
broadly, squarely truncate. Antennae with 
seventh segment nearly attaining elytral apex, 
moderately fimbriate beneath on first six seg- 
ments; scape attaining apical quarter of pronotum, 
feebly arcuate, gradually clavate from base to 
apex; third segment distinctly arcuate, distinctly 
clavate on apical half and densely covered with 
short, suberect hairs, not pilose, one-half again 
as long as scape; fourth and following gradually 
shorter, except the feebly elongated eleventh. 

Length 16 mm.; width 5 mm. 

Type locality: Lower Ogowe, Gabon. 
ribution: Gabon. 

Gabon: 1; no further data [MCZ]. 

Readily distinguished by the shining black 
surface, by the broad white fascia that is complete, 
and by the form of the antennae. 


Dis- 


Melanopolia ligata (Jordan) 


Griphammus lkigatus Jordan 1894: 164, pl. 10, fig. 1. 
Melanopolia frenata {nec} Bates. Jordan 1902: 151 [mis- 
det.; as synonym]. 
Melanopoha ligata Jordan. 
Male.—Black. Head above with a narrow, 
white vitta medially and some sparse, white 
pubescence behind upper lobe of eye; front at 
lower margin with a dense white band which 
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extends below eye to base of head, thence along 
sides of pronotum, covering the lateral tubercles, 
and onto elytra across humeri obliquely to suture 
just before middle. Pronotum medially and 
scutellum along lateral margins with a few white 
hairs. Elytra rather sparsely fuscous-pubescent, 
with a band of more or less coalescent white 
irrorations behind middle, narrower and denser 
laterally, expanded and much sparser toward 
suture; at apex with a macula of dense, white 
pubescence, irregular in outline. Body beneath 
nearly glabrous; pro- and mesosternum thinly, 
metasternum densely, rather broadly white- 
pubescent laterally; abdomen on first sternite 
each side with a transverse white macula which 
narrowly attains base medially, second sternite 
with a broad, rather narrow macula laterally on 
basal half, third and fourth sternites with sparsely 
pubescent, rather small maculae laterally, the 
fifth with a large transverse macula each side on 
basal half. Legs sparsely white pubescent; 
middle and hind femora medially with a broad, 
fuscous band. Antennae black, covered with 
fine fuscous pubescence, basal halves of third and 
fourth segments and basal fourths of remaining 
segments white-annulate. 

Head finely, densely punctulate, with a few 
large, scattered punctures; front two-fifths again 
as wide as long; eye with lower lobe scarcely 
taller than gena, transverse. Pronotum more 
than one-fifth wider at base than long, slightly 
narrowed apically; lateral tubercles broad, rather 
prominent, ending in a broad, obtuse tooth; basal 
and apical transverse sulci narrow, deep, the 
apical one broadly recurved medially, the basal 
one narrowly recurved; disk with two broad, more 
or less flattened tubercles just behind apical 
sulcus, and a much smaller one each side of middle 
before basal sulcus, median impression broad, 
transverse, much deeper anteriorly and extending 
into a triangular impression near apical margin, 
with a few transverse rugosities on its basal 
portion, disk basally with coarse, rugose punc- 
tures, rest of surface with scattered, unequal- 
sized punctures. Elytra on basal half moderately 
coarsely, not densely punctate, from just before 
middle to apex with four distinct costae, the 
second and fourth coalescing near apex, the 
interstices with irregular rows of coarse punctures, 
rest of disk behind middle with coarse, somewhat 
rugose punctures; apices squarely truncate. 
Antennae nearly twice as long as body, sparsely 
fimbriate beneath on first, third, and fourth 
segments; scape cylindrical, feebly arcuate, gradu- 
ally clavate to apex, cicatrix with its rim laterally 
strongly expanded into a thin, plate-like expan- 
sion, extending to near middle of pronotum; third 
segment feebly sinuate, gradually thicker from 
basal third to apex, not pilose, more than one- 
fourth longer than the first; fourth slightly longer 
than third, rather robust; fifth and following 
gradually shorter, except the strongly elongate 
eleventh. 
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Female.—More robust than male; front tarsi 
not dilated; antennae with eighth segment not 
attaining apex of elytra, fourth slightly shorter 
than third, the latter on thickened part with 
dense, very short, erect pile. 

Length 17-17.5 mm.; width 5.8-6.3 mm. 

Type locality: Kuilu, French Congo. 
tribution: Western central Africa. 

Gabon: 1; no further data [BM]. 
Congo: 1; Kuilu, 1892 (Macquerys) 
cotype]. 

Distinguished by the dense white maculae on 
the apex of the elytra, with a broad, iess distinct 
macular band postmedially on the same organs, 
and by the sculpturing of the pronotum. 


Dis- 


French 
[BM- 


Melanopolia catori catori Jordan 
Melanopolia catori Jordan 1902: 152. 


Female.—Black, entirely covered with dense, 
short, fuscous pubescence. Head with an ex- 
tremely broad, creamy white vitta across front 
to base of sides. Pronotum with a broad vitta 
of creamy white each side, narrowed at base and 
apex, covering only upper half of lateral tubercles, 
not continuous with that on side of head. Scu- 
tellum narrowly, indistinctly, whitish-marginate 
laterally. Elytra with creamy white maculae as 
follows: a small one on base near humerus 
extending pronotal vitta, a small, irregular one 
near suture at basal fourth, sometimes broken, 
behind middle a large, quadrate one, placed 
somewhat obliquely, attaining lateral margin but 
not suture, and at apex a very small macula, and 
several small ones along suture. Metasternum 
very broadly, densely creamy-white-pubescent ; 
abdomen on first sternite with a rounded, whitish 
macula placed midway on each side between 
middle and lateral margin, fifth sternite broadly 
whitish-maculate each side, second to fourth 
sternites sometimes touched with whitish on 
sides. Legs sparsely gray-pubescent; femora 
with a broad, fuscous fascia beyond middle; 
middle and hind tibiae blackish-vittate, the 
vitta interrupted by a macula of dense white 
pubescence near middle. Antennae black, fuscous- 
pubescent; third and fourth on basal thirds, and 
remaining segments on basal fourths, white- 
annulate. 

Head above rather sparsely punctate, the 
punctures moderate in size; front finely, densely 
punctulate, with some fine punctures interspersed, 
one-fifth wider than high; eye with lower lobe 
subquadrate, one-fourth again as tall as gena. 
Pronotum slightly wider across base than long, 
apically a little narrowed; lateral tubercles broad, 
feebly elevated, ending in a short, obtuse tooth; 
transverse sulci obsolete laterally, the apical one 
broadly, the basal narrowly, recurved medially; 
disk anterior to apical sulcus with a rather shallow, 
linear impression at middle, each side of middle 
a broad, feebly elevated tubercle, median impres- 
sion shallow, indistinctly rugose laterally, rest of 
surface sprinkled with rather shallow punctures, 
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several of which are on the bases of lateral 
tubercles. Elytra on basal fourth coarsely, 
sparsely punctate; disk with two rather broad, 
feebly elevated costae, which coalesce at apical 
fourth, intervals with somewhat irregular rows 
of coarse punctures, rest of disk with very coarse, 
deep punctures, slightly denser than those on 
base; apices separately rounded. Antennae with 
eighth segment attaining apex of elytra, sparsely 
fimbriate on first and third segments; scape 
attaining apical third of pronotum, rather robust, 
distinctly clavate from base to apex, finely 
punctulate and with fine punctures interspersed ; 
third segment straight, distinctly clavate, not 
pilose, scarcely longer than first; fourth equal to 
third, feebly clavate beyond middle; rest gradu- 
ally shorter, except eleventh, which is slightly 
longer than tenth. 

Length 14 mm.; width 4.7 mm. 

Type locality: Sierra Leone. 
Sierra Leone. 

Sierra Leone: 1, Segbwema [EFG]. 

Readily distinguished by the fact that the 
pronotal lateral vitta is not continuous with that 
of head. Moreover, the elytra have, behind 
middle on sides, a white macula that is sharply 
defined, and the antennae have the scape not 
flared at apex, and the third and fourth segments 
are equal in length and clavate. 


Distribution: 


Melanopolia catori vittata Dillon and Dillon, 
new subspecies 

Melanopolia catori {nec| Jordan. Breuning 1944: 388, fig. 

288 |misdet.| 

Male.—As in the nymotypic form, but the 
head with a distinct white macula behind lower 
lobe of eve in addition to'the broad white band 
on the lower margin of the front. The elytra 
each with a broad white vitta at base, continuing 
that on the sides of pronotum nearly to middle 
of length of disk, not approaching suture. 

Length 17 mm.; width 5.7 mm. 

Holotype: Male; Gold Coast (Pascoe collection) 
[BM]. 


Melanopolia brevicornis Dillon and Dillon, 
new species 

Female.—Black, rather densely covered with 
short, fuscous pubescence. Head above with an 
indistinct, whitish vitta which bifurcates and 
continues to apex of antennal tubercles; front at 
lower margin with a broad, white band which 
extends below eyes and across sides of pronotum, 
including the lateral tubercles, onto extreme 
base of elytra where it terminates abruptly. 
Scutellum narrowly edged with whitish. Elytra 
densely irrorate with fine, whitish maculae 
except on circumscutellar dark area. Body 
beneath and legs sparsely whitish-pubescent; 
metasternum each side with a large, densely 
white-pubescent macula; abdominal  sternites 
maculate on extreme sides with whitish, the 
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macula on first sternite large, rest rather small. 
Antennae black, fuscous pubescent, segments 
from third broadly whitish annulate basally. 

Head densely, minutely punctulate, without 
larger punctures; front one-fourth wider than 
high; eye with lower lobe transverse, equal to gena 
in height. Pronotum one-third again as wide 
across base as long, slightly narrowed apically; 
lateral tubercles robust, ending in a thick, obtuse 
tooth; basal and apical transverse sulci distinct, 
the former undulating medially, the latter 
broadly recurved medially; disk with two feeble 
tubercles behind apical sulcus, the median 
impression deep, its sides and base coarsely, 
rugosely punctate, before apical sulcus a rather 
fine, shallow median impression; entire surface 
coarsely, deeply punctate except near each side. 
Elytral on basal fourth coarsely, deeply punctate; 
disk from basal fourth to near apex with four 
costae, the first feeble, the second and fourth 
coalescent at apical sixth, the interstices with 
irregular rows of coarse, deep punctures, remainder 
of surface densely, coarsely punctate; apices 
emarginately truncate, the sutural angle produced 
into a short, rounded tooth. Antennae robust, 
short, attaining apical sixth of elytra, fimbriate 
rather densely to sixth segment; scape attaining 
apical third of pronotum, gradually thickened 
from base to apex; third segment distinctly 
clavate from about basal third to apex, but not 
pilose, one-fifth again as long as first; fourth 
distinctly thickened apically, slightly longer than 
first; fifth and following strongly shortened, 
eleventh feebly longer than tenth. 

Length 18.5 mm.; width 5.7 mm. 

Holotype: Female, Ussher, West Africa [BM]. 

Superficially this species closely resembles 
graueri, but it is distinct in the generic characters. 
From the other members of the genus it is 
distinct in maculation, the presence of a tooth 
on sutural angle of apex of elytra, as well as in 
the antennal form. 


INCERTAE SEDIS 


Melanopolia longiscapa Breuning 
Melanopolia longiscapa Breuning 1935: 242; Breuning 1944; 

338. 

“Close to frenata Bates, but the antennae 
thicker, the first segment strikingly long, longer 
than third; the lower ocular lobes not broader 
than long; pronotal spines longer. Front very 
finely, pronotal disk very thickly and coarsely, 
punctate. Scutellum very broad. Elytra apically 
more truncate, finely punctate; legs longer. 

“The distinct basal white elytral vitta very 
abbreviated, not arched towards suture; sides 
of mesosternum and all sternites flecked with 
whitish. Length 21-22 mm. Type: 1 9 from 
Gabon, in Itzinger collection. Distributed to 
Cameroon.” (Translation of original description.) 

The form of the scape and of the eye, as well as 
the sculpturing of the pronotum and elytra, 





564 


points to a strong possibility that this represents 
a separate genus. 


Melanopolia maculata Breuning 
Melanopolia maculata Breuning 1939: 65. 
Melanopolia cincta m. maculaia Breuning 1944: 388. 

“As cincta Jordan, but all the elytral white 
designs brighter, of a yellowish color; the basal 
longitudinal band oblique, attaining the suture; 
behind middle of each elytron a large lateral spot 
and another apically, likewise rather large. 
Type: 1 o& from Gabon: Lastoursville, in the 
Maublanc collection.’”’ (Translation of original 
description.) 


Melanopolia ligondesi Lepesme 
Melanopolia ligondesi Lepesme 1952; 87. 


“Length: 18 mm.—Approaches frenata Bates, 
but quite distinct in maculation; the longitudinal 
lateral band of white pubescence slightly incurved 
at anterior third of elytra where it remains 
parallel to the suture in continuing uninter- 
ruptedly and conserving its width at least to 
apical third and more or less brokenly thence. 

“Unique type in Museum at Paris: Cameroons: 
Yaoundé (De Ligondés, 1950).”’ (Translation of 
original description.) 


Lesbra Dillon and Dillon, new genus 

Black, with hoary pubescent markings; 
moderate-sized, subcylindrical. Head moderately 
short, not retracted below; front slightly trans- 
verse, feebly convex, not carinate medially, 
strongly narrowed between eyes; eye with lower 
lobe subquadrate, erect, one-third again as tall 
as gena; isthmus about three facets wide, upper 
lobes much wider than isthmus, separated by 
about twice one of their widths; antennal tubercles 
robust, not prominent, slightly separated basally, 
widely divergent apically. Pronotum wider 
across base than long, not narrowed apically, 
basal margin undulating, lateral tubercles broad, 
slightly prominent, placed a little behind middle, 
armed with an obtuse tooth; transverse sulci 
distinct, apical one strongly recurved medially; 
disk with four small tubercles, basal ones much 
smaller than anterior ones, with a_ shallow, 
median, transverse impression. Elytra with basal 
margin undulating, basal gibbosities wanting, 
disk on basal fifth granulate-punctate, remainder 
of surface coarsely punctate, with four distinct 
costae on apical two-thirds; apices broadly sub- 
truncate, angles not prominent; humeri prominent, 
rounded, granulate but not tuberculate. Pro- 
sternal process rather broad, simple; mesosternal 
process very wide, at anterior angles widened, 
with a broad, rounded tubercle which is strongly 
inclined anteriorly. Legs moderately short, sub- 
equal, middle pair slightly shorter; femora robust, 
tapering to base and apex, hind femora attaining 
middle of fourth sternite in male, apex of third 
in female; front tibiae unarmed; front tarsi 
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slightly expanded in male. Antennae about two- 
thirds again as long as body in male, one-fifth 
longer than body in female, beneath sparsely 
fimbriate on first four segments; scape attaining 
apical fourth of pronotum, robust, cylindrical, 
tapering at extreme base and expanded at apex, 
cicatrix extending about three-fourths around 
apical margin, entirely closed, slightly widened 
laterally; third segment densely pilose on apical 
three-fifths, one-half again as long as scape; 
fourth segment subequal to third in male, 
distinctly shorter in female, gradually decreasing, 
except eleventh which is distinctly elongate. 

Genotype: Melanopolia graueri Hintz. 

This genus is very closely related to 
Melanopolia, but is distinguished by the granulate 
elytra, the erect lower lobe of eye, the form of 
the front (especially in the lack of the median 
carina), and by the shape of the scape. 


Lesbra graueri (Hintz), new combination 

Melanopolia graueri Hintz 1916: 236. Breuning 1944: 388. 

Male.—Black, entirely covered with thin, fine, 
hoary pubescence, which is slightly condensed on 
gena to form a trace of the usual transverse vitta. 
Head on vertex with an indistinct fuscous macula 
either side of middle and a broader one behind 
each eye; front indistinctly clouded with fuscous. 
Pronotum with three broad, fuscous vittae, one 
medially and one above each lateral tubercle, 
distinctly interconnected along base. Scutellum 
glabrous medially. Elytra entirely, rather densely 
sprinkled with irregular, small, fuscous maculae 
and with a larger, similar macula at extreme base 
near scutellum and another laterally at apical 
fifth. Body beneath and legs sparsely hoary 
pubescent; abdomen broadly glabrous medially 
with a rather small, subtriangular macula on 
sides of first to fourth sternites; femora on outer 
face with a small fuscous macula just beyond 
middle. Antennae piceous, segments from fourth 
much paler; scape and bases of third and fourth 
segments sparsely hoary pubescent, remaining 
segments feebly touched with hoary basally. 

Head finely, densely punctulate; front with a 
few fine punctures above, one-fifth wider than 
high; eye with lower lobe subquadrate, one-third 
again as tall as gena. Pronotum wider across 
base than long, not narrowed apically; lateral 
tubercles broad, prominent, with a long, robust, 
rounded tooth at apex, which is directed slightly 
upwards; transversi sulci indistinct laterally, 
rather deep medially, basal one straight, apical 
one recurved at middle; disk with four small 
tubercles, one each side behind apical sulcus and 
two closer together near basal sulcus, medial 
impression rather broad and shallow, and with a 
few indistinct, transverse rugosities; anterior to 
apical sulcus at middle a deep sublinear impres- 
sion; remainder of surface irregularly sprinkled 
with coarse punctures. Elytra on basal fifth 
coarsely granulate-punctate, on apical two-thirds 
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with four distinct costae, the second and fourth 
coalescent at apical fifth, the interstices with 
irregular rows of coarse, deep punctures, remainder 
of disk coarsely, deeply punctate; apices broadly 
subtruncate, angles not prominent. Antennae 
about two-thirds again as long as body, sparsely 
fimbriate beneath on first four segments; scape 
attaining apical fourth of pronotum, robust, 
cylindrical, tapering at extreme base and expanded 
at extreme apex; third segment straight, thicker 
on apical three-fifths where it is densely black 
pilose, nearly half again as long as first; fourth 
subequal to third; remaining gradually decreasing 
in length, eleventh distinctly elongate. 

Female-—More robust; antennae one-fifth 
longer than body, fourth segment distinctly 
shorter than third, remainder distinctly gradually 
shorter. 

Length 16.5-18 mm.; width 5-5.8 mm. 

Type locality: Urwald Beni and Mawambi, 
Belgian Congo. Distribution: Eastern Belgian 
Congo. 

Belgian Congo: 2; Mawambi Forest (Grauer) 
[VMMH]. 2; Beni Forest, Oct. 1910 (Grauer) 
[VMNH]. 1; Ituru [NRS]. 

This species is distinguished by the uniform 
hoary pubescence sprinkled with fuscous maculae 
on upper surface. 


Agniolamia Breuning 
A gniolamia Breuning 1944: 386. 


Moderately small, subcylindrical. Head of 
normal length, slightly declivous above; front 
appearing to be erect but actually as wide as 
high, convex, strongly narrowed between, and 
slightly so below, eyes, impunctate; eye with 
lower lobe ovate, oblique, distinctly shorter than 
gena, upper lobe and isthmus of equal width, 
about six times as long as wide, with about four 
rows of ocelli, upper lobes separated by more than 
four times their width; antennal tubercles sub- 
contiguous basally, somewhat divergent apically. 
Pronotum two-thirds again as wide at base as 
long, apically strongly narrowed; lateral tubercles 
strongly postmedian, not very prominent, obtusely 
dentate at apex; apical and basal transverse sulci 
distinct, both recurved medially; disk with three 
subobsolete tubercles, sparsely punctate. Elytra 
basally tumid, rather coarsely, densely punctate, 
punctures subseriate, at extreme base bearing 
very feeble granules; apices broadly emarginate, 
angles dentate; humeri simple, without tubercles 
or granules. Prosternum simple, strongly arcu- 
ate; mesosternum right-angular in profile, broad, 
armed with a feeble tubercle anteriorly. Legs 
short, hind femora longest, but scarcely reaching 
behind second sternite; front tibiae unarmed; 
first segment of hind tarsi scarcely longer than 
wide; tarsal claws divergent. Antennae one-half 
again as long as body in male, slightly longer in 
female; sparsely fimbriate beneath on first six or 
seven segments; scape attaining apical third of 
pronotum, cylindrical, moderately robust, slightly 
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arcuate, feebly clavate from base; cicatrix 
reaching about one-half around apical margin, 
widest dorsally; third segment straight, three- 
fifths again as long as first; fourth slightly shorter 
than third, fifth much shorter than fourth; 
remainder gradually diminishing, except the 
feebly elongate eleventh. 

Genotype: Acridocephala pardalis Jordan, by 
monotypy. 

From Acridocephala, which it only superficially 
resembles, this genus is distinguished by the form 
of the front, which is narrowed below eyes, by 
the pronotum being distinctly tuberculate later- 
ally, and by the antennae, which are only one-half 
again the body length in male. 


Agniolamia pardalis pardalis (Jordan) 
Acridocephala pardalis Jordan 1902: 153. 
Agniolamia pardalis Jordan. Breuning 1944: 386. 

Male.—Piceous to black, rather densely whitish- 
pubescent, and with glabrous markings as follows: 
Head with three narrow vittae on front, one 
below each eye and one median. Pronotum 
with three vittae, the median one widest, extend- 
ing nearly from base to apex, and one on base of 
each lateral tubercle, short, extending to a 
small, transverse macula just anterior to lateral] 
tubercles. Elytra with the white pubescence 
condensed into a rather broad vitta extending 
from humerus to apex, interrupted by two narrow, 
glabrous fascia, one at basal third and one post- 
median, the lateral margin irregular; disk laterally 
with several small, whitish maculae, the rest of 
surface glabrous, sometimes with scattered, white 
hairs. Body beneath broadly, densely, white- 
vittate each side, medially glabrous. Legs moder- 
ately densely, white-pubescent. Antennae with 
scape fuscous, rest dark reddish brown; scape 
rather sparsely, finely, white-pubescent, the 
remaining segments with sparse, fine, fuscous 
pubescence. 

Head minutely punctulate; front appearing 
erect, but actually about as high as wide, convex, 
strongly narrowed between eyes, gradually nar- 
rowed below; eye with lower lobe broadly ovate, 
oblique, about one-third shorter than gena. 
Pronotum two-thirds again as wide across base 
as long, apically strongly narrowed; lateral 
tubercles placed behind middle, not very promi- 
nent, ending in a short, obtuse tooth; apical 
sulcus narrow, rather shallow, slightly recurved 
medially, basal sulcus narrow and rather shallow; 
disk with three subobsolete tubercles, a few 
scattered punctures on base and on base of lateral 
tubercles. Elytra on basal fourth with moder- 
ately dense, granulate punctures, thence with 
coarse, deep punctures, which become somewhat 
sparser and finer apically; apices emarginate, 
dentate on both angles, the outer tooth stronger. 
Antennae about 11% times as long as body, very 
sparsely fimbriate beneath on first six segments, 
more densely so on third and fourth; scape 
attaining apical third of pronotum, cylindrical, 
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somewhat arcuate, very gradually clavate 
apically; third segment straight, three-fifths again 
as long as first; fourth slightly shorter than third; 
fifth much shorter than fourth; rest gradually 
diminishing in length, except eleventh, which is 
slightly longer than tenth. 
Female.—More robust than 
slightly longer than body. 
Length 12-14.5 mm.; width 3.5-4.5 mm. 
Type locality: Benito, French Congo. 
tribution: French Congo and Gabon. 
Gabon: 13; Ogové River (A. C. Good) [CM]. 
The broad, whitish vitta toward the sides of 
the elytra, which is interrupted occasionally, is 
sufficient to identify this species. 


male; antennae 


Dis- 


Agniolamia pardalis camerunensis 
Dillon and Dillon, new subspecies 


Male.—As the nymotype, but the white vitta 
extends close to suture, where it is very irregular 
in outline, and also close to the lateral margin; 
the denuded maculae are more numerous, and 
often transverse. 

Length 10.0-13.7 mm.; width 3.5-4.6 mm. 

Holotype: Male; Efulen, Cameroon, Dec. 11, 
1911 (H. L. Weber) [CM]. Allotype: Female; 
opotypic, Dec. 21, 1911 (H. L. Weber) [CM]. 


MANUAL OF MESOSTIGMATID MITES, by R. W. 
STRANDTMANN and G. W. WHARTON. xi+330 pages, 
69 plates. Contribution No. 4 of the Institute of 
Acarology, University of Maryland, College Park, 
Md. 1958. $7.50. 

The past two decades have witnessed a period of 
extraordinary activity in acarology, with workers of 
many lands contributing to the general fund of knowledge. 
Inevitably the need has increased for a reflective pause, 
for correlation of findings and for consolidation of the 
available information. The Manual of Mesostigmatid 
Mites serves this indispensable function for an important 
segment of the field, that dealing with mesostigmatid 
mites parasitizing vertebrates. 

The manual is obviously the result of careful compila- 
tion, critical evaluation, and original research. The 
coverage includes 13 families, three subfamilies, 83 
genera, and 590 species. As pointed out by the authors 
this probably includes many more names, particularly 
at the species level, than the actual number of taxa 
involved; by contrast there remain large areas of the 
world where investigation of the parasitic mesostigmatid 
mite fauna remains virtually untouched. 

The manual is essentially a synopsis devoted primarily 
to classification, with definitions and keys to the families 
and genera of mesostigmatid mites parasitic on verte- 
brates. This is supplemented admirably by 96 figures 
of species representing most of the genera. While most 
of the figures are taken from published literature, 
several represent original drawings not available 
elsewhere. 

Species are not defined but the taxonomic status of 
each is considered. The type species of each genus 
or subgenus is given, followed by the other species. 
Listed under each is the earliest reJerence to the valid 
specific name followed by the various generic and specific 
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Paratypes: Three; topotypic, Nov. 10, 16, and 
Dec. 21, 1911 (H. L. Weber) [CM]. 
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combinations of that name that have been used. Loca- 
tions of type specimens are given insofar as known. 
Throughout the work the literature is considered through 
the end of 1956, with inclusion of data from several 
papers published in 1957 and 1958. 

receding the major section on classification are 
condensed presentations on the medical and economic 
importance of the group and on control of important 
species. Unfortunately the latter section is not as 
exhaustive nor as critical an evaluation as might be 
desired. Very useful sections follow on behavior, life 
cycles, and anatomy, both external and internal. 

A significant portion of the manual is devoted to the 
geographic and host distribution of mesostigmatid mites 
parasitizing vertebrates. Recorded distribution of the 
mites by political divisions is presented in a faunal list. 
Following this is a useful host list associating with each 
vertebrate the mite species involved. 

An appendix considers briefly collecting, mounting and 
culture methods. 

Readers will regret the apparent necessity for economy 
in publication which resulted in a poorly bound book. 
The text is mimeographed, in contrast to the excellent 
reproductions of the plates. The manual will be an all 
but indispensable reference souce for acarologists con- 
cerned with mesostigmatid mites, regardless of whether 
the concepts presented are in full accord with the indi- 
vidual worker's opinions. Medical entomologists, para- 
sitologists and workers in the allied fields of public health 
and veterinary medicine will find this a most useful 
publication. The presentation is well adapted for use 
in teaching introductory courses in acarology, with 
specific reference to the mesostigmatid mites parasitizing 
vertebrate hosts. 

DEANE P. FuRMAN, 
University of California, 
Berkeley 





OXIDATIVE METABOLISM OF INSECT FAT BODY'! 


ROGER G. YOUNG? 
Department of Entomology, Cornell University, Ithaca, New York 


ABSTRACT 


Oxidation of a variety of substrates by fat body of 
Periplaneta americana (L.) is described. The tissue 
fractions oxidize DPNH, sugar phosphates, isocitrate, 
succinate, ketoglutarate and hydroxybutyrate. The 


Although the insect fat body occupies a major 
portion of the abdominal cavity, there is little 
known concerning its general function (Munson 
1953), and an even greater paucity of information 
about its detailed metabolic activities. The 
composition and relative size of the tissue show 
considerable variation interspecifically and with 
developmental and nutritive state. Kilby and 
Neville (1956) and Hearfield and Kilby (1958) 
have shown that the organ in the desert locust 
Schistocerca gregaria Forsk. can oxidize some 
tricarboxylic acid cycle substrates and carry out 
transaminations involving alanine and aspartic 
acids. Sacktor and Bodenstein (1952) reported 
a relatively low level of cytochrome oxidase 
activity in Periplaneta americana (L.), and 
Young (1958, 1959) reported the presence of 
malic dehydrogenase in P. americana (L.) fat 


body, and triphosphopyridine nucleotide (TPN)- 
dependent dehydrogenases in the fat body of the 
German roach Blattella germanica (L.). 

This paper reports techniques modified for 
study of oxidative metabolism in insect fat body 
and gives results obtained with a variety of 
substrates and experimental conditions. 


METHODS AND MATERIALS 


The American cockroach, Periplaneta americana 
(L.), was chosen for the initial experiments 
because of the relatively large amounts of fat 
tissue available. 

Enzyme Methods.—Where sufficient tissue could 
be obtained fairly easily, standard Warburg 
equipment (15 ml. flasks) was used to study 
oxygen uptake by the homogenates or their 
fractions. Fenn respirometers (Umbreit et al. 
1951), sensitivity 0.lul. of oxygen exchange, were 
used for the smaller species examined. The 
Fenn respirometers were suspended from the 
manometer supports of a Precision Scientific 
Company circular Warburg apparatus which was 
used for temperature control and agitation. 

Preparation of Tissue-——Nymphs several instars 
before maturity were used to avoid the presence 
of gonadal tissue. All apparatus and reagents 


‘Accepted for publication January 6, 1959. 
2*Acknowledgment is made to Millicent S. Ficken for 
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endogenous oxidation rate is relatively high and is 
apparently due to glycogen breakdown. Ketoglutarate 
oxidation was demonstrated in the fat body of four other 
species. 


were cooled before use. Reasonable care was 
used to remove the fat body from 20 to 75 insects 
used for each experiment. The fat body was 
placed in a beaker containing chilled homogenizing 
medium, which was 0.1 M phosphate buffer, pH 7.4 
unless otherwise stated. After a brief (80 
seconds) stirring with a motorized stirring rod, 
the mixture was centrifuged for 5 minutes at 
2500g in a Model PR-2 refrigerated centrifuge 
at 3° C. The supernatant which contained 
hemolymph was discarded. The pellet, possibly 
containing some hemolymph cells, was then 
homogenized in 0.1 M phosphate, pH 7.4, for 
30 seconds (about 15 passes) with a loose fitting 
Lucite Potter Elvehjem pestle fitted with a series 
of 1.5 mm.-long stainless steel wires projecting 
from the shoulder. These projections served to 
entrap small pieces of malpighian tubules and 
tracheae which escaped detection during the 
dissection. As a further measure, a_ stainless 
steel mesh paddle (l-mm. mesh) was passed 
through the homogenate to trap smaller 
fragments. 

The cell mixture was then 
8500g for 10 minutes in the cold. The fat layer 
was removed and the remainder was then 
homogenized for 4 minutes (120 passes) in a close 
fitting Potter Elvehjem homogenizer. No tem- 
perature rise occurred. The resulting material 
consisting of broken cells was used for some 
experiments and will be referred to as the “whole 
homogenate.” Protein concentrations of the 
homogenates were 40 to 50 mg./ml. 

For experiments with subcellular fractions the 
following protocol was employed using the 
“whole homogenate” as starting material. 

1) Centrifuge 10 minutes at 700g. Decant 
supernatant. Wash pellet with 1.0 ml. 
buffer. Recentrifuge 10 minutes at 700g. 
Discard residues. Combine supernatants 
Centrifuge supernatant 20 minutes at 
8500g. Wash pellet with 1.0 ml. buffer 
and centrifuge 10 minutes at 8500g. 
This when resuspended constituted the 
“residue”’ fraction. 

The combined supernatants resulting 
from (2) will be referred to as the “‘super- 
natant’”’ fraction. 


centrifuged at 
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Table 1.—-Oxygen metabolism of insect fat body. 


Insect Substrate 


Periplaneta americana (L.).. 
“ 


None (endogenous) 
Succinate 
8-hydroxybutyrate 
a-ketoglutarate 
Isocitrate 
a-ketoglutarate 
a-ketoglutarate 
a-ketoglutarate 
a-ketoglutarate 


Blattella germanica (L.). . 
Acheta domestica (L.).... 
Galleria mellonella (L.). 
Tenebrio molitor L. 


“Fenn respirometer. 


The ‘residue’ stained with Janus Green 
1: 10,000 (Carleton and Drury 1957) and is 
reminiscent of the cyclophorase preparation of 
Green (1948). 
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Fic. 1.—Endogenous oxidation by fat body of P. 
americana. Open circles, ‘‘whole homogenate’’ minus 
“‘slycogen,"’ ‘‘glycogen’’ added back at 60 minutes. 
Half-dark circles, ‘‘whole homogenate'’ minus ‘‘gly- 
cogen,'’ ‘‘glycogen’’ added back at 60 minutes, ap- 
proximately 10° M cyanide present. Arrows, ‘‘gly- 
cogen’’ tipped in from sidearm. 


30 120 


The protein content of the preparations was 
determined by the procedure of Lowry et al. 
(1951) after precipitation by a 10-volume excess 
of 5 percent trichloroacetic acid. Bovine serum 
albumin (Armour) was used for a standard. 


Glucose-6-phosphate 
. Fructose-1,6-diphosphate 


| | 
us QO; 
Tissue fraction (u1.02/mg. protein/hr.) 


‘‘Whole homogenate”’ 


“ “ 
“ 
“ 


“ 


‘Residues’ 
és 


The basic reaction mixture consisted of 10 
uMoles MgC le, 200 uMoles KC1, 4 x 10-? wMoles 
cytochrome c, 3 uMoles adenosine triphosphate 
(ATP), substrate, and tissue fraction. Additional 
phosphate buffer (48 wMoles) was included to 
maintain the pH of the mixture at 7.4. The 
center well contained 0.2 ml. 20% KOH. The 
total fluid volume was 3.0 ml., including 0.7 ml. 
of tissue. The gas phase was air, and the 
temperature was 30° C. 


RESULTS AND DISCUSSION 

Endogenous Oxidation.—Early experiments with 
tricarboxylic acid cycle acids as substrates showed 
control flasks with substrate omitted utilized 
oxygen at rates equivalent to the test systems. 
This endogenous oxidation appeared to result 
from the utilization of glycogen and was quite 
variable, presumably because of varying amounts 
of endogenous substrates. By centrifuging the 
whole homogenate several times at 100g for 
30 seconds, enough of the white material could 
be centrifuged out and removed to lower the 
endogenous respiration of the fraction. The 
separated and dried powder evidenced iodine 
staining and solubility properties similar to 
glycogen. When the “glycogen” was added 
back, the oxygen uptake increased fivefold 
(figure 1). A sample of Eastman glycogen of 
unknown origin failed to raise the rate when 
added to the glycogen-free fraction. It was also 
found that the endogenous respiration was not 
dependent on all the cofactors customarily used. 
There was no requirement for cytochrome c, 
ATP, or MgCle. The uptake of oxygen was 
completely stopped by the presence of cyanide 
(figure 1). 

Figure 2 shows the effect of adding ‘‘super- 
natant” or reduced diphosphopyridine nucleotide 
(DPNH) to the “residue” fraction. The ‘‘super- 
natant” obviously contains or generates substrate 
oxidizable by the “residue” fraction. It is 
suggested that this substrate is DPNH derived 
from the glycolytic breakdown of glycogen. No 
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spectrophotometric evidence for DPNH could be 
found after incubation of homogenates without 
shaking. 
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Fic. 2.—Effect of ‘‘supernatant’’ and DPNH on 
‘residue fraction’’ of fat body. Arrows, sidearm tipped. 
Open circles, ‘“‘residue fraction’’ plus a-ketoglutarate; 
sidearm, ‘‘supernatant.’’ Dark circles, ‘‘residue frac- 
tion,’’ no substrate; sidearm, ‘‘supernatant.’’ Half-dark 
circles, ‘‘residue fraction,’’ no substrate; sidearm, 


DPNH. 


20 


Substrate Oxidation 


Sugar Phosphates—Glucose-6-phosphate was 
oxidized more rapidly by the ‘“‘whole homogenate”’ 
in the presence of 4 uM of diphosphopyridine 
nucleotide (DPN) than in the presence of the 
same quantity of TPN. The net rate was very 
low (QO.=1.0) with a high endogenous rate 
(QO2.=0.5) (QO. equals ul./hr./mg. protein). 
This would indicate a minor role for the pentose 
cycle, though the TPN dehydrogenases are 
present (Young 1958). Fructose-1,6-diphosphate 
was utilized at about the same rate as glucose-6- 
phosphate. No increase was observed when the 
gas phase was oxygen rather than air. 

Pyruvate—Several experiments attempting to 
show utilization of pyruvate by whole homogenate 
or the fractions thereof failed despite fortification 
with DPN, Coenzyme A (CoA), additional ATP, 
and cytochrome c, thioctic acid, thiamine pyro- 
phosphate, and catalytic amounts of oxalacetic 
acid. 

Other substrates which were tried without 
success were acetate, octanoate, and oxaloacetate. 

Tsocitrate-—The “‘residue” fraction was capable 
of oxidizing isocitrate. The presence of TPN 
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in addition to the usual cofactors resulted in 
higher rates than when DPN was added, presum- 
ably because isocitrate dehydrogenase requires 
TPN. 

a-Ketoglutarate—A number of variables of the 
oxidative systems was investigated with this 
substrate. Variation of homogenization time 
from 3 to 6 minutes was without effect. Cyanide 
inhibited oxidation of the substrate. A number 
of experiments using 0.25 M sucrose as the 
homogenizing medium indicated that such prepa- 
rations were no more active and often less active 
than the ones using phosphate buffer. The rates 
of oxidation of this and other substrates were of a 
low order compared to mammalian tissues and a 
two-fold increase in ATP and cytochrome 
concentrations failed to increase the rates. The 
findings of McGinnis et al. (1956) that cyto- 
chrome systems are in low concentration in some 
Diptera and their suggestion that polyphenol 
oxidases may serve as oxygen activators does not 
seem to apply to Pertplaneta since there is not an 
obviously great amount of these oxidases present 
in the fat body. 
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Fic. 3.—Oxidation of §-hydroxybutyrate by water 
homogenate of fat body. Open circles, B-hydroxybuty- 
rate plus DPN and CoA. Dark circles, DPN, CoA, no 
substrate. Half-dark circles, endogenous, no substrate, 
no DPN, no CoA. 
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Succinate—Among the substrates tested suc- 
cinate oxidation rates were the highest in fat 
body “whole homogenates.”” The system was 
that described by Umbreit et al. (1951). Malonate 
(10-* m) caused 85 percent retardation of the rate. 

B-Hydroxybutyrate——Water homogenates were 
used to demonstrate oxidation of B-hydro- 
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xybutyrate. DPN and CoA were demonstrated 
to be necessary fortifiers. (See figure 3). Not 
shown in the figure, but evident from other data, 
was the fact that maximum activity required 
the presence of both cofactors. 

The fat bodies of several other species were 
tested for oxidative capability in Fenn respirom- 
eters (table 1). The proportion of reactants 
was the same, the total volume was reduced by a 
factor of six. Oxidation of a-ketoglutarate was 
effected by fat body from Tenebrio molitor L. 
larvae, Galleria mellonella (L.) larvae, Acheta 
domestica (L.) nymphs, and Blattella germanica 
(L.) nvmphs. 

Although evidence for oxidation of substrates 
indicating the presence of the tricarboxylic acid 
cycle in fat body is brought forth, no claim can 
be made that the rates are maximal. The 
demonstration of appreciable rates is dependent 
on the use of subcellular fractions. The endog- 
enous oxygen uptake is relatively rapid and there 
are indications that it is due to glycogen utilization 
through DPNH in the fat body preparations from 
the American roaches used here. 
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BIOLOGY AND DEHYDROGENASE ACTIVITIES OF THE FAT BODY OF 
LATE INSTAR AMERICAN COCKROACHES (PERIPLANETA AMERICANA)! 


N. E. GARY, R. S. BERGER anp R. G. YOUNG 
Department of Entomology, Cornell University, Ithaca, New York 


ABSTRACT 


Spectrophotometric assay of reduced phosphopyridine 
nucleotides, made at several intervals between sucessive 
molts, showed that peak activities of malic dehydro- 
genase and 6-phosphogluconate dehydrogenase in the fat 
body occurred 4 to 8 days after molting. The maxima 


Experiments recently have been completed 
which were designed to detect quantitative 
differences in enzyme activities of the fat body 
from insecticide-treated and control insects, and 
from resistant and susceptible strains (Young 
1958). These enzyme levels led to mean values 
with associated standard deviations of a magnitude 
such that significant differences were not usually 
found. It was conjectured that some of the 
differences of enzyme levels between individuals 
within a given population might be attributed to 
the time elapsed after the previous molt. This 


‘Accepted for publication January 6, 1959. 
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were 4 to 10 times the minima, indicating the advantage 
of using insects of known age when comparing populations. 
In males the durations of the last two instars were 18 
and 26 days, respectively; females molted 1 to 3 days 
earlier. The differences between sexes and instars were 
highly significant. 


report gives results of experiments designed to 
test this hypothesis. 

Quantitative changes in metabolic activity 
during metamorphosis are well established (Agrell 
1949, Ludwig and Barsa 1956). The changes in 
enzyme activities between two molts of insects 
with gradual metamorphosis are less well known 
(Zwicky and Wigglesworth 1956). 

Assays were made for diphosphopyridine 
nucleotide (DPN) malic dehydrogenase and 


. triphosphopyridine nucleotide (TPN) 6-phospho- 


gluconate dehydrogenase in the fat body of 
American cockroaches, Periplaneta americana (L.). 
These were performed at known intervals after 
ecdysis to ascertain the presence of metabolic 
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Table 1.—Duration of last nymphal instars of 
P. americana, in days. 





Duration 





Penultimate nymphal 
917.6+0.2 


22.8+0.2 


J18.8+0.3 
Ultimate nymphal 


instar.... 26.4+0.5 





changes. The enzymes were selected because of 
their localization in the mitochondria and cyto- 
plasm, respectively, and their positions in the 
tricarboxylic acid and pentose pathways, respec- 
tively. The results are expressed on the basis 
of protein and desoxyribonucleic acid (DNA), the 
DNA presumably being an approximate measure 
of cell numbers. 
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Fic. 1.—Duration of the ultimate instar of P. americana. 


Biological data concerning the duration of the 
last nymphal instars of the American cockroach 
are also presented. The duration of late nymphal 
stages of the American roach is reported to be 
25 to 50 days (Griffiths and Tauber 1942, Gier 
1947), being dependent on environmental condi- 
tions. 


EXPERIMENTAL 


Biological—Stock colonies were reared in 
square 5-gallon tins on ground dog food and 
water. The rearing room was maintained at 80° 
to 85° F. Newly molted insects with partial or 
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Table 2.—Maximum intermolt enzyme activities. 











DPN—malic 
dehydrogenase a) 2.45 M DPN/hr./g. 
DNA 
b) 46.2 M DPN/hr./kg. 


protein 


a) 0.08 M TPN/hr./g. 
DNA 

b) 2.40 M TPN/hr./kg. 
protein 


TPN—6-phosphogluconate 
dehydrogenase. 


no cuticular darkening were selected from the 
stock colonies twice a day. Only those roaches 
judged from their size to be in the next-to-last 
nymphal instar were taken. Each day’s collec- 
tion of 30 to 60 insects was maintained under the 
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Fic. 2.—Duration of the penultimate instar of 
P. americana. 


15 


same environmental conditions as before in 
l-gallon containers. In this way subcolonies 
were established whose age from the previous 
molt was known. Three series of subcolonies 
were selected from the same stock colonies over a 
period of 9 months. 

At definite intervals following collection, 10 
insects were randomly selected from the sub- 
colonies for the enzyme studies. The subcolonies 
were observed twice a day for 50 days after 
establishment to determine the duration of the 
instar. Newly molted nymphs were transferred 
to other containers for further observation; 
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adults were destroved. From the data so 
obtained it was concluded that the insects used 
for enzyme assays were all in the last three 
nymphal instars, the majority, 60 percent, being 
in the next-to-last nymphal stage. Figures 1 
and 2 show the distribution of molting times. 

For enzyme assays of insects immediately prior 
to molting, the colonies were culled for “smoky 
eye” individuals of the appropriate size (Patton 
and Flint 1959). This criterion of smoke-grey 
eye coloring was shown to be reliable by the 
following: Of 25 such individuals selected, 19 
molted within 3 days and the remainder within 
6 days. 
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Fic. 3.—Relative activities of DPN-malic dehydro- 
genase during the molting cycle. Broken line: activity 
based on protein content. Solid line: activity based on 


DNA content. 


Biochemical.—Fat-body tissue from 10 insects 
of each sex was homogenized in nine volumes of 
0.02 M glycylglycine at pH 7.4 in a Potter 
Elvehjem homogenizer. Aliquots of the homog- 
enates were assayed by measurement of nucleo- 
tide reduction as described previously (Young 
1958). Protein was determined by the method 
of Lowry (1951), and DNA by minor modifica- 
tions of the method of Cerriotti (1952). 


RESULTS AND DISCUSSION 

Biology—The mean durations of the last two 
nymphal instars are given in table 1. They are 
15 to 30 days shorter than those reported by 
Gier (1947). Application of the /-test? for unequal 
variances (Snedecor 1956) demonstrated that the 
differences between instars, and between sexes 
of both instars were highly significant (0.01). It 
is considered likely that the insects observed to 
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molt 30 to 48 days after the previous ecdysis 
escaped detection during a prior molt, especially 
if the exuvia was eaten. 

Biochemical.—Since the time-activity plots for 
the male and female pools of 10 insects did not 
differ markedly, the values were averaged for 
each time interval. For ease of comparison, 
figures 3 and 4 show the values found for each 
enzyme, expressed on the basis of protein, and 
of DNA, as a percentage of the maximum value. 
Table 2 gives the maximum level of enzyme 
activities which occurred either 4 or 8 days after 
molting. 
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°o °o 


PERCENT OF MAXIMUM 
~ 
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PREMOLT 


0 4 8 
TIME AFTER MOLTING (DAYS) 


Fic. 4.—Relative activities of TPN-6-phosphoglu- 
conate dehydrogenase during the molting cycle. Broken 
line: activity based on protein content. Solid line: 
activity based on DNA content. 


To gain some knowledge of the individual 
variation for the enzymes, ten insects were 
assayed separately 8 days after molting. The 
mean values and standard errors were 23.9+ 
2.4 M DPN/hr./kg. protein for malic dehydro- 
genase and 0.34+0.04 m TPN /hr./kg. protein for 
6-phosphogluconate dehydrogenase. The lower 
values compared with those in the table reflect the 
temperatures of assay, 33°C. for the pooled 
samples and 24° C. for the single insects. 

These standard deviations (10 and 14 percent 
of the means), when compared with the four- 
and ten-fold variations of the enzymes through 
the molting cycle, indicate the advantage of 
using insects of known developmental state when 
seeking differences between control and resistant 
or insecticide-treated populations. It seems likely 
that toxicological data also would be more useful 
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when obtained with the knowledge of the time 
of the last ecdysis. 

There is a relatively small (2.5x) variation of 
malic dehydrogenase on the basis of DNA 
content, indicating a correspondingly constant 
activity of the mitochondria. 

The pronounced drop in the level of both 
dehydrogenases on a protein basis between 4 
and 8 days subsequent to molting points to 
active protein synthesis, presumably for cuticle 
formation (Zwicky and Wigglesworth 1956). 
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MORPHOLOGY AND HISTOLOGY OF THE POISON GLANDS AND STING 
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ABSTRACT 


The main poison gland consists of four principal 
areas: the poison sac, the poison filter, a convoluted, 
granular area of polygonal cells, and a free glandular 
area of cuboidal cells. A second gland, termed Dufour’s 
gland, consists of a single layer of cuboidal cells lining a 
thin intima. The skeletomuscular apparatus of the 
sting is described. A pair of fulcral arms support the 
bulb and stylet, holding the sting bulb in its horizontal, 
retracted position and acting as pivots for ventral 
deflection of the sting. Supporting rami muscles present 
in the honey bee are absent here; instead, the rami bear 


The literature pertinent to the biology of the 
imported fire ant (Solenopsis saevissima v. richteri 
Forel) has been reported on in the USDA publica- 
tion ARS-33-49 (1958). The biology of the ant 
as reported therein differs in some respects from 
that of our endemic ants. The morphology of 
the sting and its associated sclerites is quite 
similar to the mechanisms of the aculeate 
Hymenoptera; however, some differences occur, 
and literature relevant to these differences is 
quoted in this paper as comparisons are made. 

'{he authors wish to extend thanks to Mrs. Joan L. 
Lasak for the drawings for figs. 2, 3, 4, 6, 9, and 10, and 
to Dr. J. Harvey Roberts for photomicrographs of the 
histological preparations. Accepted for publication 
January 29, 1959. 

2Associate and assistant Professor of Entomology, 
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sensory pegs at the point of origin of these muscles. 
Both the main poison sac and Dufour’s gland open into 
the posion bulb (ninth venter). This is also true in the 
honey bee, where the accessory gland does not open into 
the sting chamber (seventh venter) as has been reported. 
A pair of muscles control the flow of venom from the 
main poison sac. The gonostyli are believed to be 
sensory in function. The relation of the glands to the 
two-phase analysis of the venom, the ‘“‘trail-following 
substance,’’ and the crop fluid is discussed. 


No introduction to work on ant morphology 
would be complete without mentioning the fact 
that any subsequent work on the sting and poison 
glands of ants must be based upon the excellent 
works of Janet (1898) on the sting of Myrmica 
rubra, and of Forel (1878) on the poison apparatus 
of ants. 
MATERIAL AND METHODS 


Ants for this study were collected in the 
Baton Rouge area and preserved in a 10% 
formalin solution. Dissection of the sting and 
its accessories was performed with the aid of a 
dissection microscope. This material was then 
dehydrated in alcohol and imbedded in paraffin. 
Serial sections were cut at a thickness of 8 
microns by a rotary microtome. Staining was 
done with Delafield’s hematoxylin and eosin Y 
as outlined by Guyer (1943), with the exception 
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that the material was left in both stains for 
15 minutes. 
THE POISON GLAND 


The poison gland consists of four main 
anatomical areas; the tunica propria of the 
poison sac, the poison filter within the sac, the 
convoluted poison gland area and the free 
poison gland area. Although the convoluted and 
free poison gland areas are anatomically part of 
the same gland and poison sac, their cellular 
makeup is different and they are referred to 
separately throughout this paper. Another im- 
portant gland similar to the alkaline gland of the 
honey bee is also found in the fire ant. It is 
termed Dufour’s gland, in keeping with the 
tradition of the work by Janet (1898) on Myrmica 
rubra. Figure 1 shows the main poison sac 
everted (top figure) and normal (bottom figure). 
Essentially, the sac is a crinkled cuticular bag (A) 
with a deep invagination (B, L) on one side. A 
large glandular body (E), here termed the 
convoluted poison gland, fills this invagination. 
The invagination narrows at one point and the 
cuticular wall reduces to a very fine free duct (F) 
which continues as the convoluted collecting duct 
of the convoluted poison gland. This duct 
furnishes the only opening between the poison 
gland and the cuticular storage sac. The poison 
flows from here and fills the sac between the inner 
invagination and the outer cuticular wall (A). 
The convolutions of this duct are not drawn in 
fig. 1, top or bottom, but are demonstrated by 
the lumen bisected many times in the center 
region of the transverse cut of the gland (fig. 2C). 
This duct, 38 w in diameter, takes up a consider- 
able portion of the cut as it loops back and forth. 
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Smaller medium collecting tubules (fig. 1, J), 8.8 u 
in diameter, branch out from the convoluted 
collecting duct. Very fine small collecting tubules 
(H) 1.14 in diameter empty into the medium 
collecting ducts; these in turn connect to what 
appear to be small reservoirs in the polygonal 
shaped cells (G) making up the body of the 
convoluted poison gland. The polygonal cells of 


Table 1.—Relationship between crop fluid and 
the state of the poison gland. 








Summer 
Donaldsonville,| Shreveport, 
Louisiana Louisiana 
| January 4, 1957 | July 8-9, 1957 
100 Ants 115 Ants 


| 


| 

| r: 

| Winter 
| 

| 


Crop full... 

Crop empty. . 

Poison gland 
enlarged. . 

Poison sac full. . . 

Poison sac partially 
full... 

Poison gland 
atrophied. 


the gland contain large oval nuclei of a granular 
appearance. The cell walls are quite indistinct 
and can only be made out in under-stained slides. 
The granular appearance of the cytoplasm in this 
gland (figs. 2, 3) is mainly due to the small 
nuclei of the epithelial cells lining the various 
sized ducts (fig. 1, H) as they convolute through- 
out the body of the gland. 

The invagination of the cuticular wall of the 
poison sac is demonstrated in fig. 3A. Confusion 


EXPLANATION OF FIG. 1 


Fic. 1.—Sagittal cut of poison sac and glands. 
Bottom, left, normal. 


alcohol and manipulation. 


A. 
B. 
C. 
D. 
E. 


Everted invagination of tunica propria. 
Free poison gland. 

Bifurcate arms of free poison gland. 
Convoluted poison gland. 


Top everted by dehydration in 95 percent 
Bottom, right, filter dissected out. 


soured ga ater of poison sac, poison sac filter shown in center of sac. 


F. Non-cellular connecting duct between the convoluted collection duct of the convoluted 
poison gland and the invaginated tunica Pe + of the poison sac (38u, diameter). 
Polygonal cell of convoluted poison gland. 


Small collecting tubule (1.14, diameter). 


ote large nucleus and central reservoir. 


Atrophied polygonal cell showing brown crystalline substance in central reservoir. 
Medium collecting tubule (8.84, diameter) showing brown crystalline substance 1n tubule. 


Main duct of poison sac. 


Invagination of tunica propria; dark areas are poison globules which stain dark eosin red 


and fill intracuticular space. 


Basement membrane of convoluted poison gland. 

Transition area between convoluted poison gland and free poison gland. 

Poison sac filter pressed against side of sac by the poison gland in normal position. 

Calyx of convoluted poison gland and opening of noncellular connecting duct into the poison 


sac filter. 


Main collecting duct of the free poison gland (11u, diameter). 


Note nuclei lining the wall. 


Truncated cuboidal cells of the free poison gland. Note large granulated nuclei. 


Poison sac filter dissected out of poison sac. 
Central collar of poison sac filter, showing noncellular connecting duct 


filter at center of the collar. 


(F) joining the 
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in discernment arose in that the basement 
membrane (fig. 1, M) of the outer cells of the 
convoluted poison gland (E) appeared on the 
inside and against a cuticular wall (L). His- 
tologically, this seemed at first to be an unnatural 
arrangement. The gland was eventually everted 
by means of dehydration and manipulation, thus 
making the anatomy of the sac immediately 
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apparent. As can be noted in fig. 3, A, the 
epithelial cells lining the outer cuticular wall of 
the sac turn inward with the wall and are thus 
in the position of being between the basement 
membrane of the convoluted poison gland and the 
cuticular wall. In effect, the gland appears 
merely pushed into the invaginated poison sac 
wall. 
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Fic. 2.—Transverse cut of poison sac and gland (taken 
at 1 bottom left, cut 1, fig. 1). 
A. Poison in the intracuticular space of the tunica 
propria. 
Large granulated nuclei in area where poison has 
crystallized and cells become somewhat plasmo- 
lyzed. Note closeness of the nuclei due to shrinkage. 
Area of large convoluted poison duct. 
Area of normal cell activity showing more scattered 
nuclei. 
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A transition area in cellular structure exists 
at the point where the tunica propria of the sac 
invaginates (fig. 3, I and fig. 1, N). At this 
point bifurcate arms (fig. 1, D) branch out into 
the body cavity and continue as two long (2 to 
2.5 mm) arms of the free poison gland (fig. 1, C). 
The main convoluted duct of the convoluted 
gland splits into two single ducts (Q), 11 yu in 
diameter, that extend to the ends of the arms 
of the free poison gland. These arms convolute 
freely in the body cavity and have direct access 
to the body fluids. The cells in the arms are 
of a simple cuboidal epithelial type (R) and 
appear slightly truncated where they line the long 
central collecting duct. The nuclei are large and 
appear close together. These cells stain darker 
than the polygonal cells of the convoluted poison 
gland. The overall color of the free poison gland 
is white, whereas the convoluted gland enveloped 
by the invagination of the sac has a pale yellowish 
appearance. 

Ants subjected to starvation exhibit a condition 
in which the gland appears atrophied. Under 
such conditions the convoluted gland takes on a 
dark brown, unstained appearance. Microscopic 
examination of the gland shows the ducts (J) to 
be distorted and shriveled, and the cells to be in 
a rather plasmolyzed state (I). Both the cell 
reservoir and connecting ducts contain a brown 
crystalline substance. On several occasions such 
a brown, solidified substance was observed 
exuding from the tip of the sting as ants were 
being ‘‘milked”’ for venom. 

As shown at figs. 2, B, 2, D, and 3, D, cuts 
were obtained in which a portion of the cells of 
the convoluted gland were plasmolyzed and 
contained the brown crystals while the rest of 
the gland appeared normal. Where this situation 
existed, the crystallization within the ducts 
concentrated in the glandular area at the base of 
the organ above the single outlet duct (fig. 1, F) 
opening into the poison sac. In these areas the 
nuclei appear close together, probably due to 
shrinkage of the cells. These observations would 
seem to indicate that in undernourished ants the 
poison undergoes a chemical change and slowly 
crystallizes as it passes down the ducts, until it 


Fic. 3.—Longitudinal saggittal cut of poison sac and 

gland (taken at cut 2, bottom left, fig. 1). 

A. Tunica propria showing the peripheral epithelial 
cells between the poison gland and the invaginated 
cuticular wall. 

Tunica propria of the poison sac. 

Large collecting duct containing poison, noncellular 
connection (fig. 1 F). 

Area of plasmolyzed polygonal cells. 

Invagination of tunica propria. 

Area of large convoluted collecting duct. 
Transverse section of a medium collecting duct. 
Bifurcate arms of the free poison gland. 

Transition area between convoluted poison gland 
and free poison gland. 
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Fic. 4.—Composite of stinging mechanism and poison gland 


A 
B. 


Tunica propria of poison sac. 


Intracuticular space of tunica propria containing poison globules. 


C Invagination of tunica propria enveloping the convoluted poison gland 


). Polygonal cells of the convoluted poison gland. 


E. Area of the large convoluted collecting duct of the convoluted poison gland. 
F. Neck of the poison gland, transition area between convoluted poison gland and free poison gland. 


G. Main tracheal branches to poison glands. 


H. Area of cuboidal cells in the bifurcate arms of the free poison gland. 
Cuboidal cells and central collecting duct of the arms of the free poison gland. 


Dufour’s gland. 

Main duct of poison sac. 

Ist valvifer (triangular plate). 
2nd valvifer (oblong plate). 
Hemitergite 9 (quadrate plate). 
Gonostylus. 


Paired 2nd valvulae fused to form bulb of sting. 
Expanded cellular protuberance of Dufour's gland. 
Paired Ist valvulae or lancets of sting, enlarged to show barbed tip of lancets 


eventually clogs the single exit duct and prevents 
entry of the poison into the storage sac. Whether 
this phenomenon is caused by the blocking of the 
small exit duct through which the poison must 
pass into the sac, or instead is due to the function 
of a somewhat confusing portion of the gland 
which is here termed a filter, is unknown. This 
inner filter (fig. 1, bottom right, S) portion of the 
sac appears in some cuts to be attached by fine 
ligaments at the top of the sac (fig. 1, top) and 
to continue down into the neck of the sac (K) 
where it lies free. In dehydrated specimens the 
filter portion remains within the intracuticular 
space (fig. 1, top, and O, bottom) as the con- 
voluted gland is pulled out. In such specimens 
a ring or collar (fig. 1, bottom right, T) is seen 
on the same side of the filter as the invagination 


The exit duct (F) appears to press 
against the inner area of this collar (P, T). This 
filter mechanism apparently lies against the 
cuticular invagination and its contained con- 
voluted gland on one side (O) and envelops the 
calyx of the gland and its exit duct (P). In fresh 
specimens this filter organ appears as a very 
yellow and fatty membrane. It is obvious that 
poison from the central duct must pass through 
this portion of the sac; hence the term filter 
The short arrows on the drawing denote the 
probable diffusion of the poison through the 
filter organ into the intracuticular space of the 
sac. Forel (1878) demonstrated a single outlte 
duct from the poison gland to the sac of Myrmica 
laevinodis, but mentioned no other modification 
between the duct and the poison sac. 


of the sac. 
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It is possible that in the process of dehydrating 
and everting the sac a portion of the convoluted 
gland was broken off and remained behind as an 


—Lateral view showing the relationship be- 
tween the sclerites of the sting, the sternal plate of seg- 
ment VII and the muscles of the spiracle plate. 


A. Anal are which connects the quadrate plates on 
either side. 

B. Dorsal portion of membranous annulus of the spiracle 
plate which arches over the rectum. 
Dorsal area of spiracle plate. 
Anterior apodeme of the sternal plate of segment 
VII. 
Sting stylet slightly extended from sternal plate of 
seventh segment. 
Gonostylus. 
Articulation of the anal are and quadrate plate with 
the posterior ventral edge of the spiracle plate. 
Depressor muscle of spiracle plate. 
Elevator muscle of spiracle plate. 
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artifact. Such seems most unlikely, however, 
since this yellow membranous portion always 
remained within the cuticular sac itself, whereas 
the invaginated tunica propria was easily everted 
to demonstrate conclusively the single tubular 
duct (F). In the drawing (fig. 1, top) the arrow 
from the duct (F) to the collar (T) of the filter 
demonstrates the position the duct would take 
were the whole gland to be reinserted into the 
invagination and the filter and collar forced back 


Fic. 5.—Photomicrograph of a cut taken slightly 
anterior of cut 1 in fig. 18. 


A. Oblique muscle that inserts on the lower lip of the 
poison sac duct. 

B. Cavity of sting bulb. 

C. Beginning of large cuboidal cells that 
Dufour’s gland. 

D. Cross cut of the two lancets showing the ventral 
opening of the sting bulb between. 


compose 


and down into a normal position in the sac, as 
shown in the bottom drawing. In such a position, 
venom leaving the exit duct would enter the 
membranous filter which tightly envelops the 
calyx of the convoluted gland and would fill the 
filter both downwards along its lower neck and 
upwards where it lies against the convoluted 
poison gland. The poison would then diffuse 
out of the filter, filling the intracuticular space 
of the poison sac. 


DUFOUR’S GLAND 


Dufour’s gland (fig. 4, J), the accessory gland 
of some authors, is a very narrow gland approxi- 
mately 1 to 1.5 mm in length. It lies sometimes 
to the right and sometimes to the left of the 
main poison sac and crosses ventrad of the main 
poison sac duct. It follows closely the poison 
sac duct for approximately 0.35 mm. of its length. 
Essentially it is a unicellular gland consisting of 
a single row of large cuboidal cells (fig. 5, C) 
which line a central cuticular duct (24y4 in 
diameter). The more anterior portions of the 
gland sometimes demonstrate a double layer of 
cells rather than a single layer. The nuclei of 
these cells are large and granular in appearance. 
The single duct is capable of expanding at the 
anterior end as it fills with secretion. The 
intima of the duct is extremely thin in this area 
but thickens considerably towards the posterior 
end where the gland empties into the sting bulb. 


SKELETOMUSCULAR APPARATUS OF THE STING 


The stinging mechanism of the imported fire 
ant is retracted within the sting chamber of the 
abdomen formed by the seventh tergal and 
sternal plates. As in all higher Hymenopiera, 
the terga of the eighth and ninth segments are 
represented by two pairs of reduced lateral 
sclerites that are associated with the sting 
mechanism. These are referred to as the eighth 
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Fic. 7.—Lateral view of the sting sclerites on one side of the sting bulb and stylet 


Hemitergite 9 (quadrate plate) in raised dorsal position. 

Articulation of quadrate plate and the dorsal apodeme of the triangular plate 

Anterior apodeme of 2nd valvifer (oblong plate). 

First valvifer (triangular plate). 

Ligulate membrane of the ramus of the Ist valvula (lancet), the tongue of the ramus starts here on the 
ramus and not more dorsally on the triangula: plate. 

Ramus of the Ist valvula (lancet). 

Ramus of the 2nd valvula (sting bulb and stylet) showing 9 sensory pegs. 

Furcula. 

Fulcral arm of the sting bulb. 

Flexible joint between the 2nd ramus and the 2nd valvula (sting bulb and stylet), showing three sensory 
pegs on the sting bulb at this point. 

First valvula (lancet). 

Second valvula (sting bulb and stylet). 

Articulation of the ventral apodeme of the triangular plate with the dorsal apodeme and pit of the oblong 
plate (4 sensory pegs are located beneath this apodeme in the pit). 

Posterior apodeme of 2nd valvifer (oblong plate). 

Lateral membrane between the opposite oblong plates and the fulcral arms of the sting bulb. 

Gonostylus showing sensory setae. 

Anterior intersegmental membrane of spiracle plate. 

Anterior ventral apodeme of spiracle plate (shifted posteriorly by contraction of the elevator muscle (fig. 6 
muscle 5) of the spiracle plate). 

Ventral ridge of the quadrate plate to which the posterior ventral intersegmental membrane of the spiracle 
plate attaches. 

Anal opening. 

Anal arc. 

Posterior edge of spiracle plate (hemitergite 8) in raised dorsal position. The posterior ventral interseg- 
mental membrane connects between here and the ventral ridge of the quadrate plate. This would be the 
relative position looking through the spiracle plate laterally at the quadrate plate on the inside 
Protracting muscle of lancet. 

Adductor muscle of lancet. 

Deflecting muscle of the sting bulb and stylet. 

Depressor muscle of spiracle plate. 
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hemitergites or spiracle plates, and the ninth 
hemitergites or quadrate plates. The triangular 
plates and oblong plates of Hymenoptera repre- 
sent the first and second valvifer of the ovipositor 
of other insects. This hymenopteron ovipositor 
is a rather specialized structure in that the first 
valvifer (triangular plate) is articulated to 
hemitergite nine and the second valvifer (oblong 
plate) is articulated to the first valvifer. 
Michener (1956) states that this possibly results 
from the eighth and ninth sterna being mem- 
branous, thus providing no skeletal support for 
appendages that would normally articulate from 
rigid sterna. 

The spiracle plates or hemitergites 8 are 
represented in the fire ant by two large lateral 
plates (fig. 6, C) which are supported above and 
below by the enclosirig membranous annulus of 
the eighth segment (B). These plates contain 
the last pair of abdominal spiracles. The 
anterior edge of the spiracle plates are heavily 
sclerotized and exhibit two apodemes for muscle 
insertion. To the more ventral of these apodemes 
(fig. 7, R) is attached the depressor muscle of the 
spiracle plate (figs. 6 and 7, muscle 4). Midway 
on the anterior edge is the apodeme on which the 
elevator muscle of the spiracle plate inserts 
(fig. 6, muscle 5). The origin of the depressor 
muscle (4) is on the inside edge of the anterior 
apodeme of the sternal plate of the seventh 
segment (fig. 6, D, and fig. 8, A). The origin of 
the elevator muscle (5) is the anterior edge “. ‘he 
tergal plate of the seventh segment. The sternal 
plate of segment seven is connected by an infolded 
intersegmental membrane to the ventral edge of 
the spiracle plate. Fig. 8 shows the relationship 
of the retracted sting shaft to the sternal plate. 
The sting stvlet lies posteriorly in a lightly 
sclerotized fold between two thickened sternal 
lobes which bear setae (I). 

Beneath the spiracle plates on either side lie 
the quadrate plates or hemitergites 9 (fig. 7, A). 
An unfolded intersegmental membrane connects 
from a ventral ridge (S) on the quadrate plate 
to the posterior ventral edge of the spiracle 
plate (V) which has been rotated dorsally in 
this figure. Both the dorsal and ventral edge 
of the quadrate plate are heavily sclerotized. At 
the more anterior portion is the articulation of 
the quadrate plate (B) with the dorsal apodeme 
of the triangular plate (fig. 8, P). The quadrate 
plates ventrad on either side are connected by a 
thin sclerotized anal bar (fig. 7, U) which arcs 
over the anal opening (T). The anal bar is 
supported dorsally and laterally by the dorsal 
portion of the membranous annulus of the 
eighth segment and the posterior ventral inter- 
segmental membrane (V) of the spiracle plate 
respectively. Beneath the anal bar and above 
the anal opening is a slightly sclerotized area of 
anal setae (fig. 6, A). The anal bar represents 
all that remains of the tenth tergal plate of the 
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tenth segment. The quadrate plate and anal 
bar articulate with the posterior ventral edge of 
the spiracle plate (fig. 6, G, and fig. 8, J). This 
is not a tight articulation but rather a joining of 
these three points by the posterior ventral 
intersegmental membrane of the spiracle plate. 
This allows for considerable rotation upwards 
and backwards by the spiracle plates in relation 
to the quadrate plates. 

The triangular plate (lst valvifer) (fig. 7, D) 
is connected to the sting lancet (1st valvula) by a 
slender and extremely flexible ramus (fig. 7, F, 
and fig. 8, S). The ventral apodeme of the 
triangular plate (fig. 7, M, and fig. 8, Q) articulates 
with a pit and dorsal apodeme located on the 
oblong plate (2nd valvifer). The oblong plate 
(2nd valvifer) is connected to the sting bulb 
(2nd valvula) by a thicker ramus containing 
nine sensory pegs (fig. 7,G). At the point where 
this ramus joins the sting bulb it narrows to a 
very thin flexible hinge. Located on the sting 
bulb just distad of this flexible hinge are three 
additional sensory pegs (J). The narrowness and 
flexibility of the ramus of the oblong plate allows 
for the downward deflection of the sting bulb at 
this joint. The oblong plate in the fire ant is 
actually reduced to a narrow heavily sclerotized 
bar, the rest of this plate being membranous. 
At the anterior end of this bar is a large, rounded 
apodeme (C). An extremely large muscle bundle 
(1) has its origin on this apodeme. It is the 
protracting muscle of the lancets and is actually 
a pair of bundles that pass on either side of the 
quadrate plate and insert dorsally at the most 
posterior edge of the quadrate plate. At the 
posterior end of the sclerotized bar of the oblong 
plate is a very thin apodeme (N). A muscle, the 
adductor muscle of the lancet (fig. 7, 2, and 
fig. 9, D), has its origin on the quadrate plate 
at the articulation of the quadrate plate and 
triangular plate. This muscle inserts on the 
thin posterior apodeme of the oblong plate (N). 
The thin apodeme almost meets in the middle 
with its counterpart from the oblong plate on the 
opposite side. At the point where these apodemes 
join the oblong plates two sensory organs arise 
(fig. 7, P, and fig. 9, A). These organs contain 
on their ventral surfaces 15 to 20 thick-walled 
sense-hairs (sensillum trichodeum). They are 
homologous with the sheath lobes of the honey 
bee and termed the gonostyli (Michener 1956). 
In other Hymenoptera they are usually concave 
on their inner surfaces and serve as sheaths 
for the sting. They are convex on their inner 
surfaces in the fire ant (fig. 10) and this char- 
acteristic along with the sensillum trichodeum 
indicate that they are sensory in function. 
Although they lie above the sting stylet in its 
retracted position, they are not, strictly speaking, 
a sheath for the stylet, and they are concave only 
on their lateral surface. There is an_ inter- 
segmental membrane which closes off the inside 
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Fic. 8.—Dorsal cutaway view of the sting and associated sclerites and lateral view of the lancet. 


Anterior apodeme of the sternal plate of segment VII. 

Portion of the intersegmental membrane between the eighth and ninth segments. 

Furcula. 

Membranous portion of the ninth venter which closes off the arched base of the sting bulb. 

Flexible joint between the 2nd ramus and the 2nd valvula (sting bulb), the fulcral arm attaches here also. 
Valves of lancets showing their angle of placement on the lancets and their normal retracted position in 
the midsection of the sting bulb. 

Sting shaft. 

Portion of the lateral membrane (ninth venter) between the opposite oblong plates and the fulcral arms of 
the sting bulb. 

Setae on the ventral surface of the sternal plate of segment VII. 

Articulation between the quadrate plate (hemitergite 9) and its dorsal anal arc and the posterior ventral 
edge of the spiracle plate (hemitergite 8). 

Dorsal portion of membranous annulus of segment VIII of which hemitergite 8 (spiracle plate) is a lateral 
plate. 

Hemitergite 8 (spiracle plate). 

Anterior, ventral apodemes for muscle attachment on spiracle plate. 

Hemitergite 9 (quadrate plate). 

Dorsal view of the furcula showing its relationship to the base of the sting bulb 

Dorsal apodeme of the triangular plate. 

Ventral apodeme of the triangular plate. 

Lateral ridge of the ramus of the first valvula. 

Ramus of first valvula (lancet). 

Lingulate membrane of the ramus. 

Insertion of the ligulate membrane at the lateral lobe of the valve. 

Valve of lancet. 

Continuation of the ligulate membrane beyond the valve. 

Dorsal fin of the lancet. 

Main body of the lancet. 

Slightly serrated tip of lancet. 
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area between the quadrate and oblong plates 
(fig. 9, B). Another membranous area which, 
with the bar makes up the oblong plate, represents 
the ninth venter. It is here termed the lateral 
membrane of the oblong plate (fig. 7, O, and 
fig. 8, H). It stretches between the oblong plates 
on either side connecting them and arches over 
the base of the sting bulb. Cephalad of the 
oblong plates it attaches to the rami which 
connect the oblong plates to the sting bulb. 
More distad, where the membrane folds to arch 
over the bulb, it is heavily sclerotized and forms 
a sclerotic arm on either side. These arms, here 
termed the fulcral arms (fig. 7, I), attach to the 
sting bulb just distad of the flexible hinge of its 
rami (J). A Y-shaped sclerite, the furcula, 
(fig. 7, H, and fig. 8, C and O) articulates with 
the sting bulb at its most distad point. This 
unique sclerite has been reported in several 
Hymenoptera, including the honey bee (Snod- 
grass 1956), but it is not shown by Janet (1898) 
in Myrmica rubra, which is singular, as the ants 
are closely related. The fulcral arm does not 
occur in Myrmica rubra nor in other aculeate 
ants thus far reported on. Fig. 8, O, shows the 
relationship of the furcula to the distal basal 
portion of the sting bulb. The articulation is 
close and a muscle (fig. 7, 3), the deflecting muscle 
of the sting bulb and stylet, has its origin on 
the furcula. This muscle (3) inserts at the most 
distal point of the sclerotized bar of the oblong 
plate. 


THE STING BULB AND LANCETS 


In the aculeate Hymenoptera the 2nd valvulae 
are fused distad of their rami to form an inverted 
trough which serves as the main poison channel. 
This represents the sting bulb and the stylet 
(shaft) of the ninth segment. Serial sections 
(figs. 11 to 15) of the fire ant demonstrate that 
the body cavity is continuous within the walls of 
the sting bulb and shaft to a point 0.3 mm. from 
the tip of the shaft (fig. 16). The inner walls 
of this cavity are lined with epithelial cells 
(fig. 11, 1 C). At the widest diameter of the 
sting bulb (fig. 12) the cavity on its more dorsal 
inner surface is closed off from the poison, channel 
by a membranous partition. Moving posteriorly, 
however, the dorsal cavity disappears and the 
area becomes more heavily sclerotized until 
distad of the lancet valves (fig. 14) the walls are 
hollow only laterally. The space is finally 
completely closed and 0.3 mm. from the tip 
presents a solid structure. 

The rami of the first valvulae are closely 
joined to the rami of the 2nd valvulae (fig. 11, F) 
by a tongue and groove articulation (‘guide rail 
and groove” of Janet 1898), the tongue being on 
the ventral surface of the rami of the second 
valvulae and the groove on the dorsal surface 
of the rami of the first valvulae. The rami of 
the Ist valvulae slide over the sensory pegs 
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located on the rami of the second valvulae 
(fig. 7, G). Fig. 11 represents a cut taken 
through the sting bulb at a point where the 
rami curve ventrally to become the valvulae 
(lancets). A portion of the tip of the area 
(fig. 7, J) where the three sensory pegs of the 
bulb occur is shown in fig. 11, G. The arched 
ventral surface of the bulb, this sensory tip, and 
the rami of the Ist valvulae are all enclosed and 
connected by a membranous portion of the 9th 
venter (fig. 11 and fig. 8, D). 

At the widest diameter of the sting bulb the 
tongue and groove articulations twist mesad 
(fig. 12, K) and continue almost to the tip of the 
sting shaft, holding the two Ist valvulae (sting 
lancets) in the inverted trough of the fused 2nd 
valvulae (sting bulb and shaft). The body of 
the lancets (fig. 8, Y), like the sting bulb and 
shaft, are open and continuous with the body 
cavity almost to their tips (fig. 16). Cephalad, 
where the lancets join their rami, only the groove 
of the body is sclerotized, the remainder being 
membranous (fig. 11, H, and 12, K). This 
membranous area continues cephalad (fig. 7, E, 
and fig. 8, T) as what is here termed the ligulate 
membranes. The sclerotized grooves of the 
rami of the Ist valvulae insert on the tongue of 
the rami of the 2nd valvulae at a point (fig. 7, E) 
where the ligulate membranes meet the portion 
of the rami coming from the triangular plates 
above. The tongue and groove articulations do 
not extend dorsally on the rami to the triangular 
plate. 

The ligulate membranes apparently represent 
an evagination of a portion of the intersegmental 
membrane between the eighth and ninth seg- 
ments. These membranous modifications of the 
lancets and rami, in their normal position, are 
pushed up within the poison channel of the sting 
bulb between the bulb and the protuberance 
filling the bulb at its base. The ventral mem- 
brane of the protuberance closes off the area 
between the ligulate membranes of opposite 
lancets. These three membranes together close 
off the inverted trough at the base of the sting 
bulb (fig. 12 and fig. 17, C, D). At the point 
where the sting bulb begins to narrow to the 
shaft (stylet) the body of the lancets (fig. 13, M) 
takes on a more sclerotized characteristic and 
forms a sclerotized extension of the ligulate 
membranes. A cross section of the lancet shows 
a square-shaped body area with a knife-like 
dorsal fin projecting up into the area between the 
epithelial protuberance and the walls of the 
sting shaft (fig. 13, M, and fig. 8, Y, X). In 
some specimens the ligulate membranes continue 
distad of this area before the bodies of the lancets 
take on their more rigid form. This is due to 
the fact that the lancets may be pushed slightly 
distad on the tongues of the sting bulb when 
the cuts were made. Fig. 14 shows a cut taken 
through the valves (pistons of Janet 1898) of the 
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Poison Glands and Sting of Imported Fire Ant 


Fic. 9.—Longitudinal cut of the gonostyli and retracting muscles of the lancets. 


Gonostylus showing sensory setae. 


Intersegmental membrane between the quadrate plate and the oblong plate 


Dorsal edge of the quadrate plate. 


Striated fibers of retracting muscle (fig. 7 


Posterior edge of the oblong plate. 
Posterior apodeme of the oblong plate. 


lancets. In the honey bee (Snodgrass 1956) 
these valves are concave in a posterior direction. 
From a lateral view of the fire ant they appear 
concave in an anterior direction (fig. 18, A cut 4, 
and fig. 8, V). This is an illusion, however, and 
the valves are actually, as seen in fig. 14, N, of a 
rather flat configuration. ‘The sides of these 
valves are supported laterally, toward their 
more ventral edge, by a heavily sclerotized arm 
(fig. 14, O) representing the dorsal fin of the 
lancet in this area. They are mounted dorsally 
on the lancets and fill the poison chamber slightly 
distad of the protuberance in the base of the 
sting bulb (fig. 19, B, C). These valves are 
positioned at a somewhat oblique angle to the 
lancets (fig. 8, F) with their inner edges slightly 
overlapping (fig. 14). The ligulate membrane 
intersects the valves at a small lateral lobe 
(figs. 8, U, and 18, B) located at the base of the 
valves. The ligulate membrane continues past 
the valves for a short distance (fig. 8, W) before 
it disappears as the sclerotized body of the 
lancet. Fig. 15 shows the relationship of the 
lancets and sting shaft distad of the valves. In 
this area the body and the dorsal fin of the 
lancets are heavily sclerotized and the dorsal 


-2) of the lancet. 


fin (F) follows the inner curve of the sting shaft. 
The inverted trough of the shaft is closed off by 
the main bodies of the lancets and by two spine- 
like projections “n the mesal surface of each 
lancet. These projections can be seen in figs 
13, 14 and 15. The distance between lancets is 
exaggerated for clarity in these drawings. 
Normally the projections of the lancets press 
tightly against each other to seal off the trough 
of the shaft. The tips of the lancets are lightly 
serrated (fig. 8, Z). McCook (1879) demon- 
strated barbed tips on the lancets (prickles) of 
Pogonomyrmex barbatus (F. Smith). 


Operating mechanism of the sting 


With some major exceptions, the muscles of 
the sting of the fire ant are homologous to those 
of the honey bee (Snodgrass 1956) and operate 
in much the same manner. As muscle 1, the 
protractor of the sting, contracts, it pulls the 
quadrate plate in a forward direction and pro- 
tracts the lancet. The force is_ transferred 
indirectly to the triangular plate and its ramus 
and lancet through the articulation (fig. 7, B) 
between the oblong and triangular plate. The 
articulation (fig. 7, M) furnishes the fulcral point 
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for the downward and backward motion of the 
triangular plate. 

Muscle 2, the adductor muscle of the lancet, 
furnishes the counter force for the retraction of 
the lancet. Contraction of this muscle pulls 
the anterior end of the quadrate plate downwards 
in relation to the oblong plate. This downward 
force is transmitted to the triangular plate at the 
articulation of the quadrate plate and the 
triangular plate (fig. 7, B). The anterior end of 
the quadrate plate (B) slightly overlaps the 
dorsal edge of the dorsal apodeme of the triangular 
plate. This tends to rotate the triangular plate 
upwards in an anterior direction thus retracting 
the lancets. These muscles on opposite sides 
work alternately so that while one lancet is 
retracted the opposite is protracted. 


10 


Fic. 10.—Cross section of the gonostyli 
showing squamous epithelial cells and lateral 
concavity 


In the honey bee, Snodgrass (1956) shows the 
bee sting held in a retracted and _ horizontal 
position by a pair of muscles (ramus muscles) 
stretched between the second rami and the base 
of the bulb. These muscles are inserted just 
distad of the hinge of the bulb and its rami 
(fig. 7, J of this work) and have their origin on 
the second rami. If this muscle were present in 
the fire ant its origin would be located at the 
sensory pegs of the second rami (fig. 7, G). It is 
completely lacking, however, and the sting is 
held in a retracted and horizontal position by 
the tension of the ninth venter, which arches over 
the bulb, and the heavily sclerotized fulcral 
arms (I). The fulcral arms serve to support 
the bulb in its retracted, horizontal position and 
act as pivots on either side of the bulb for the 
downward deflection of the sting. Muscle 3, the 
deflecting muscle of the sting, protracts the sting 
and deflects it downward by exerting a force on 
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the furcula sclerite (H). Contraction of this 
muscle pulls the oblong plate ventrad in relation 
to the sting, and pulls the anterior end of the 
sting upward deflecting the sting downward on 
pivot of its fulcral arms. 

Two muscles, (Muscle 4) the depressor muscle 
of the spiracle plate and (Muscle 5) the elevator 
muscle of the spiracle plate (fig. 6, 4 and 5), 
attach to the seventh venter and tergite respec- 
tively. These muscles act to rotate the spiracle 
plates upward or downward in relationship to the 
quadrate plate. This rotation is transmitted to 
the quadrate plate at the articulation of the 
quadrate plate and anal bar with the posterior 
ventral edge of the spiracle plate (fig. 6, G, and 
fig. 8, J). As mentioned before this is not a 
tight articulation but the motion is transmitted to 
the quadrate plate and thus indirectly contributes 
to the downward or upward positioning of the 
whole inner mechanism of the sting and its 
sclerites. 

Cross sections of the sting bulb, shaft and its 
lancets show nerves reaching within the inner 
cavities of these sclerites. Nerves were also 
traceable to the sensory pegs and thus the term 
sensory pegs. A third set of four pegs occurs 
on the oblong plate at the pit where the ventral 
apodeme of the triangular plate articulates with 
the oblong plate (fig. 7, M). This set, plus the 
sets on the second rami and sting bulb (fig. 7, 
G and J), in all probability serve as sensory 
centers for the transmission of impulses between 
the tongue and groove connections of the rami 
and valvulae. They may serve to transmit 
impulses which determine the distance the 
tongue travels in the groove during any particular 
time component of the stinging operation. 


Base of the sting bulb 


The entire basal portion of the sting bulb is 
filled by an expanded epithelial and muscular 
protuberance which surrounds Dufour’s gland 
ventrad of the poison exit duct (fig. 16, B, and 
19, B). Janet (1898) in his work on Myrmica 
rubra refers to such a protuberance as a stopper 
closing off the base of the sting bulb. The main 
poison sac duct dips down just cephalad of the 
furcula and enters the base of the sting beneath 
the articulation of the furcula and the anterior 
end of the sting-bulb (fig. 16, A). It then bends 
upward and follows the curve of the bulb dorsad. 
The poison duct is quite wide where it enters the 
bulb being almost 0.1 mm. in diameter at this 
point. Outside the bulb the walls of the cuticular 
duct are thin (fig. 4, K), but retain a certain 
rigidity due to accordian-like pleats in the duct. 
Fig. 11, A and B, illustrates the thickness of the 
sting bulb and the width of the poison sac duct 
at a point (fig. 18, cut 1) where the three sensory 
pegs of the sting bulb are located just anterior 
of the fulcral arms of the sting bulb. At this 
point Dufour’s gland consists of seven to nine 
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large cuboidal cells surrounding the very thin 
intima of the central duct (fig. 11, D). The 
gland is surrounded by layers of epithelium 
(E) which hold it in place ventrad of the poison 
sac duct. More anteriorly the epithelium is 
replaced by the adipose tissue of the body cavity. 
Slightly posterior of the fulcral arms, at the 
greater diameter of the sting bulb, the poison 
sac duct and Dufour’s gland are separated by a 
large area of striated muscle (fig. 5, A, and 
fig. 12, I). The opening of Dufour’s gland in 
this area presents an entirely different cellular 
structure than the more anterior cuboidal portion 
of the gland. The lumen of the central duct is 
quite small (6.6 uw) and is enclosed by an extremely 
thick intima (fig. 12, J). Fourteen to twenty 
columnar cells with dark staining granular 
nuclei surround the thick intima. A cluster of 
dark staining nuclei also surround the thick 
intima at the base of the columnar cells (fig. 17, E), 
and thus give a structural appearance of stratified 
columnar epithelium. The exit of Dufour’s 
gland has no demonstrable means for closing. 
The thick intima probably serves to keep the 
narrow slit-like exit open. - Immediately posterior 
and dorsad of the opening of Dufour’s gland, 
however, is an epithelial lip which blocks the 
opening (fig. 13, L). The whole structure of the 
opening and the epithelial lip is approximately 
0.05 mm. distad of the opening of the poison 
gland above. 

At the point where the poison gland duct 
curves up along the roof of the sting bulb it 
becomes extremely thick on its dorsal surface. 
The ventral surface, however, remains mem- 
branous (fig. 16, C). The heavy bundles of 
striated muscle which occur between the poison 
sac duct and the opening of Dufour’s gland insert 
on the lower membranous lip (fig. 5, A, and 
fig. 17, F), and run obliquely on either side of 
Dufour’s gland below. These muscles (fig. 16, 6) 
are the opening muscles for the poison sac duct. 
They curve down ventrad of the sting bulb and 
leave the sting bulb cavity at the lower arc of 
the bulb between the furcula and the fulcral arm 
on either side. They have their origin on the 
lateral anterior edge of the fulcral arms. Janet 
(1898) demonstrated such a pair of muscles 
(deux muscles ouvreurs) in Myrmica rubra. In 
M. rubra the muscles apparently have their 
origin on the oblong plate (lateral plate of Janet) 
as no fulcral arms were demonstrated in that 
insect. He also shows a chitinous “‘apophysis”’ 
above the poison sac duct to which a second pair 
of muscles called closing muscles (les muscles de 
fermeture) insert. They also have their origin 
on the lateral plate. 

No “apophyses” or closing muscles could be 
demonstrated in the fire ant. Rather the poison 
sac duct remains in the normal closed position, 
with the large muscle bundles and epithelial 
cells of the protuberance holding the lower 
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membranous lip of the duct tightly against the 
heavy thick dorsal upper lip (fig. 16, C). Con- 
traction of the pair of opening muscles (6) pulls 
the lower lip down thus opening the duct. The 
area dorsad of the heavy upper lip contains only 
a few epithelial cells and the dorsal curve of the 
sting bulb above. 


The valves 


The valves, which are set obliquely (fig. 8, F) 
on the lancets, operate alternately as_ their 
respective lancets slide back and forth on the 
tongue and groove articulations. They are only 
slightly overlapped and as one is moved forward 
the opposite one is extended posteriorly. This 
allows the poison to flow around the valves and 
out to the tip. The backward and forward 
motion of the valves also helps to force the poison 
to the sting tip. Since muscle 6 (fig. 16) only 
operates to open or shut off the main poison sac, 
there seems to be little doubt that the force 
which transmits the poison is built up by the 
storage of the poison in the poison sac reservoir 
behind the opening. Further evidence of this is 
demonstrated by the quantitative lessening of 
poison given off after each operation of the 
lancets. 


DISCUSSION 


It will be noted that the opening of Dufour’s 
gland is just above the enclosing membrane 


which surrounds the entire protuberance and 
seals off the ventral opening of the bulb between 
the ligulate membrane of the two lancets (fig. 12 
and fig. 17, D). 

Wilson (1959) has demonstrated that Dufour’s 
gland produces a ‘“‘trail following substance” in 
the imported fire ant. The morphology of the 
structures at the base of the sting bulb strengthen 
his findings. Certainly it seems possible that 
Dufour’s gland, which has no visible means of 
being closed, might emit, from the narrow slit- 
like opening, a substance which would find its 
way between the ligulate membranes of the 
lancets and the ventral enclosing membrane of 
the protuberance or emit from the tip of the 
sting. Were the sting extruded and dragged 
along the ground, as Wilson (1959) has observed, 
the substance would exude from the ventral slit 
of the sting bulb and shaft, or from the tip, and 
be brushed along the trail by the ventral mem- 
brane. It is obvious that during such an opera- 
tion the poison-sac duct could be kept tightly 
closed by the nonfunctioning of the opening 
muscle 6. On the other hand, there can be no 
doubt that were the poison apparatus brought 
into action by the contraction of the opening 
muscle, then both the main poison gland secretion 
and a certain amount of the “trail following 
substance’? must mix and the final exudation 
contain both complexes. The epithelial lip 
(fig. 13, L) in all probability serves to block 
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Dufour’s gland to a certain extent and to deflect least part of the antibiotic and _ insecticidal 
the trail following substance ventrad as the ant properties present in fire ant venom. However, 
is in motion. more recent investigations have demonstrated 
Certain of Wilson’s experiments have shown that the secretions from Dufour’s gland exhibit 
that, at times, workers would follow an old neither antibiotic nor insecticidal activity. 
poison gland trail that had previously been Furthermore, the visually evident two-phase 
ignored. Since the “trail following substance’ system originates at the main poison gland 
must, due to morphological considerations, be (unpublished data). This is in keeping with the 
mixed or diluted if the poison is released, it is two separate cellular areas demonstrated by the 
quite probable that after an elapse of time the morphology of the main poison gland. It seems 
latter evaporates, leaving a more pure concentra- likely that the secretion from Dufour’s gland is a 
tion of the “trail following substance,’’ which minor constituent of the whole venom if it is 
the ants are then able to detect. The fire ant present at all. Although Wilson has shown this 
may have evolved a complex for emitting a_ secretion to be volatile, the presence of volatile 
“trail following” releaser and orienting substance | compounds in whole venom has been impossible to 
while at the same time, holding back the main demonstrate even by the most sensitive analytical 
poison as a defensive or offensive mechanism as_ methods. 
needed. From the size of Dufour’s gland and In regard to mixing of the substances from the 
the small diameter of its exit duct, it is apparent poison and Dufour’s glands, it might be well to 
that very little secretion could be produced in elaborate on the controversy over Dufour’s gland 
this gland and thus very little of the nondiluted in the honey bee. Corlet (1890) performed 
“trail following substance” is available. In experiments on the toxic effect of bee venom on 
short, the findings of Blum et al. and Wilson’s flies and established that the poison acts with 
experiments are both strengthened by the full strength only when the secretion of the 
morphological and _ histological facts herein alkaline gland (Dufour’s gland) is injected with 
presented. that of the acid gland. Trojan (1930) refuted 
Blum et al. (1958) have suggested that the this on the basis of his morphological work which, 
secretion from Dufour’s may also contribute at he says, demonstrates that the gland does not 


EXPLANATION OF FIGS. 11 TO 15 


FIGURE 11.—Cross sections illustrated correspond to sections taken at the points indicated 
by the numerals 1 to 5 in fig. 18. 


Second valvula (sting bulb). 

Cuticular main duct of poison sac. 

Epithelial cells (simple squamous). 

Dufour’s gland showing central duct and large cuboidal cells (vertical section). 
Stratified squamous epithelial cells at expanded cellular base of Dufour's gland. 

Cross section of rami of the 2nd valvulae (sting bulb) showing tongue of the tongue and 
groove guides. 

Cross section of the portion of the 2nd valvulae (sting bulb) where the three sensory pegs 
are located (fig. 7J). This cut shows the membranous venter that closes off the base of 
the bulb between the sclerotized areas of the sting bulb and the rami of the 2nd valvulae 
(sting bulb). 

Cross section of the rami of the Ist valvulae (lancets) showing the groove of the tongue 
and groove guides and the cuticular ligulate membrane of the rami of the Ist valvulae. 
Note the ventral position of the rami. 


12.—I. Oblique striated muscle between the openings of the two poison glands, control 


muscle of poison sac. 


Dufour’s gland cut at the opening of the gland into the base of the sting bulb. Note that 
the thin intima of the gland has become a thick cuticular lining and that there is a layer 
of cells between the columnar epithelium of the gland and the cuticular lining. 

First valvula (lancet) showing the turned-in medial position of the tongue and groove 
guides and the invagination of the ligulate membrane into the cavity between the base of 
the poison glands and the sting bulb. 


13.—L. Epithelial lip which closes off Dufour’s gland posterior of the opening of the 
poison gland. 
Cross section of the lancets showing the disappearance of the ligulate membrane and the 
thickening of the membrane to form the rigid walls of the lancets. 


3. 14.—N. Membranous valves of lancets, showing overlapping of medial edges. 
Lateral supporting arms of valve. 


15.—P. Cross section of stylet approximately half way down its length showing the 
lancets closing off the ventral slit of the stylet and the dorsal fin of the lancets. 
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open into the lumen of the sting bulb but extends 
ventrally past the base of the bulb and opens 
into the sting chamber of the abdomen below 
the sting bulb. The secretion of the two glands 
could not, in this case, be mixed. In view of the 
fact that the histological sections of the fire ant 
prove conclusively (figs. 5, 17, 19) that this gland 
opens within the sting bulb (ninth segment), and 
that the generalized make-up of the sting of this 
ant and the bee is similar, it would appear that 
the displacement of an opening from the venter 
of the ninth segment of the sting to the venter 
of the seventh segment of the sting chamber 
would be a phylogenetic displacement in the 
extreme for insects of the same order. It was 


felt that in all probability both glands open into 
the sting bulb and the substances mix in the 
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honey bee also. Dissections of the honey bee 
sting showed this to be the case. If a suggestion 
can be made without teleological inferences, the 
lack of a poison sac closing muscle in the honey 
bee would seem to be a modification consistent 
with the lack of the necessity for dispensing any 
“trail following substance’? independent of the 
mixed poison substances. 

Carthy (1951) had studied trail finding in the 
jet black ant Aconthomyops fuliginosus and was 
able to make the scent tracks visible by dusting 
them with very fine Lycopodium powder. He 
states that the track appears to be formed by 
liquid excreta which is ejected when the abdomen 
is dragged over the floor. In another ant, 
Myrmica ruginodis, MacGregor (1948) showed 
that the track consisted of a discontinuous series 
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Fic. 16. 
bulb where furcula articulates with sting bulb. 


A. Poison sac duct. 


Cross sections showing the form of the sting. 


16 
J 


Taken 0.1 mm. apart from the tip to the base of 


B. Epithelial protuberance which surrounds the exit duct of Dufour's gland and fills the base of the sting bulb. 
C. Poison sac opening showing lower lip where control muscle (6) inserts and upper lip which forms a heavily 
sclerotized arc over the posterior 0.1 mm. of the poison sac duct. 


D. Posterior opening of Dufour's gland. 

E. Sting shaft. 

F. Lancet. 

G. True diameter of shaft. 

H. Cuts from 0 (tip) to 0.6 mm. enlarged to this line. 
I. Position of the furcula in relation to sting bulb. 


J. Position of the fulcral arms in relation to the sting bulb. 


of pear-shaped spots. Wilson (1959) has not 
elaborated on the form of the trail, but, based 
on the morphological similarity between M yrmica 
rubra and Solenopsis saevissima, we should 
expect a discontinuous trail. Based, however, on 
morphology per se, the nonclosing of the Dufour 
gland exit, and the characteristic ventral mem- 
brane, one would expect a more or less continuous 
trail as long as the sting is extended. It is, 
however, possible that the epithelial lip controls 
the dispensing of the trail following substance 
and that it is discontinuous. Perhaps this point 


Fic. 17.—Photomicrograph of the cut taken at cut 2, 
fig. 18. 

Main duct of poison sac. 
stained eosin red. 

Cavity of sting bulb with lining of epithelial cells. 
Cross cut of first valvula (lancet) showing the 
invagination of the ligulate membrane into the 
cavity between the base of the gland ducts and the 
sting bulb. 

Membrane which closes off the basal area of the 
poison gland and Dufour’s gland and seals the ven- 
tral opening of the sting bulb between the two 
lancets. 

Stratified columnar epithelium surrounding the exit 
duct of Dufour's gland. Note the thick cuticular 
lining of the exit duct. 

Oblique striated muscle bundles (muscle 6) showing 
insertion on the lower lip of the poison sac duct. 
The two muscle bundles slant around either side of 
Dufour’s gland and have their origin at the junction 
of the fulcral arm with the sting bulb. 


Dark area is poison 


will be determined by behaviorists in the future. 

Local and systemic reaction to the sting of 
the fire ant have been described in detail and the 
histopathologic changes shown to be of a type 
not associated with other reported insect stings 
(Caro et al. 1957). Caro and his colleagues 
report that the inflammatory reaction is quite 
severe and is followed by the consistent formation 
of a pustule in which necrosis is of a degree that 
often produces a scar. They further report that 
systemic reactions after ant stings are febrile and 
allergic and that allergic reactions are manifested 
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by an increase in response to the sting consisting 
of larger and larger areas of local edema, erythema, 
and discomfort. 

Although reaction to the sting is likely to vary 
with different individuals, there is an apparent 
inconsistency in the reaction to the sting by 
any single individual. The senior author has 
himself been stung and incurred none of the local 
reactions, and at other times received stings in 
which the local reactions were quite severe. In 
at least one reported case of severe systemic 
reaction (Caro et al., 1957) the patient reported 
that approximately 3 or 4 weeks prior to receiving 
stings that led to severe systemic reaction, he 
was stung repeatedly by fire ants with no apparent 
after effects. 

Solenopsis saevissima v. richteri is not the first 
ant in which a difference in the severity of the 
reaction to a sting varied to a considerable extent 
in a single individual. Weber (1938) reported 


| 


Fic. 18.—Numbers 1 to 5 show areas where cross cuts illustrated in fig. 11 were taken 


A. Valve showing position on lancet. 
B. Lobe and lateral membrane of valve. 
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that his reaction to the sting of a South American 
ponerine ant, Paraponera clavata, was quite 
severe and produced systemic paralytic symptoms 
followed by a large and persistent blister. His 
reaction to the sting of the same ant in Panama 
was quite dissimilar and characterized as mild. 
The toxicities of different samples of fire ant 
venom to Drosophila have been found to vary 
(Blum et al. 1958). The chemical and physical 
properties of the venom have been reported 
and it is known that the venom consists of two 
phases. This two-phase structure of the venom, 
its insecticidal, fungicidal, and antibiotic prop- 
erties, and the fact that samples of venom vary 
in their toxicities, had suggested a specialized 
glandular structure of some complexity. The 
indications are that the efficiency of the venom 
is dependent upon both the physiological state 
of each individual ant and the proportion of the 
two phases from the poison gland, and that 


2 
18 


C. Cross section showing tongue and groove guides of sting, bulb, stylet and lancets. 
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nutrition plays a role in elevating the toxic 
principle to its most effective level. 

The possibility of some relationship between 
crop fluid and the state of the poison gland is 
shown in table 1. While dissecting the ants it 
was noted that the crops of certain individuals 
contained a deep yellow, viscous, water-insoluble 
fluid. Of 115 ants collected in the summer, the 
crops of almost half, 48, contained this crop 
fluid; in 100 ants collected in the winter and 


Fic. 19.—Photomicrograph of a sagittal cut through 
the sting bulb. 
A. Dorsal area of the sting bulb. 
B. Epithelial protuberance surrounding the exit duct 
of Dufour’s gland. 
C. Lancet at the base of the membranous valve. 
D. Cuticular duct of the poison sac. 


dissected no crop fluid could be found (table 1). 
The relationship between the crop fluid and the 
venom of the poison sac is interesting and 
although the samples are admittedly small, the 
consistency is striking. The 100 ants collected 
in the winter and containing empty crops also 
possessed completely full poison sacs. Of the 
115 ants collected in the summer, 48 had enlarged 
poison glands, that is, the whitish mass of the 
gland within the sac was greatly extended, 
indicating that the collecting tubules and cell 
reservoirs were full. The poison sacs themselves 
were only slightly distended with poison. Fifty- 
four of the summer ants contained no yellow crop 
fluid and all had partially full poison sacs (table 1). 
It is known that the transmission of liquid food 
from crop to crop in certain ants plays a role in 
maintaining the social structure of ant colonies. 
Needless to say, the chemical and morphological 
work demonstrates a complex that cannot be 
explained satisfactorily by the isolation of a single 
toxic component. 

Several possible conclusions could be inferred 
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from these data, the most obvious being that 
since the ant is known to be entomophagous, its 
insect feeding activities are curtailed in the 
winter and the poison sac substance remains 
unused; whereas, in the summer there is a 
continual replacement of the substance depending 
upon its use. In the case of the summer ants it 
is entirely possible that the crop fluid, extracted 
from the nutriment of the ants, contains a 
precursor of the venom. Only five of these ants 
dissected compared with the state of winter 
ants. Those eight summer ants (table 1) having 
atrophied glands were probably undernourished. 
Atrophied glands, as stated previously, were often 
noted in ants kept in the laboratory with no 
particular source of food other than the organic 
material contained in the dirt upon which they 
were kept. The morphological and histological 
findings are consistent with what is thus far 
known about the chemistry and physiology ot 
venom formation and the biology and behavior 
of the imported fire ant. 
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ABSTRACT 


The three eastern species in the Nemobius fasciatus 
group, generally treated by orthopterists as subspecies or 
races, can readily be separated as living individuais, and 
most pinned specimens can now be identified through the 
use of combinations of easily observed morphological 
characters. Extensive distribution records, chiefly com- 
piled by listening for singing males, show that the three 
species have broadly overlapping ranges. Observations 
on local populations have revealed occasional instances 
where individuals of two, or all three, of the species are 
mixed together with no indication of interbreeding. WN. 
allardi, n. sp., previously called N. fasciatus fasciatus 
(DeGeer), occurs chiefly in grassy and weedy areas in 
well-drained locations over most of northeastern United 
States and has a clear musical trill. N. tinnulus Fulton 
occurs in or near leaf litter in xeric woodland areas in 
central eastern United States, and its song is a slow trill 
in which the sound pulses are heard as individually distinct 


The crickets of the Nemobius fasciatus group 
are small, ground-inhabiting species occurring in 


North America from southern Canada to northern 
Mexico and east of the Great Basin in the United 
States. All of the crickets in this group were 
placed by Hebard (1913) in the species Nemobius 
fasciatus (DeGeer), which he considered to have 
three subspecies, socius Scudder and abortivus 
Caudell, in addition to the typical form. Fulton 
(1931) described a fourth subspecies, tinnulus. 
In spite of wide discussion of this interesting 
group by biologists all over the world subsequent 
to the excellent studies of Fulton (See Chopard 
1938; Emerson 1945; Thorpe 1948; Mayr 1948; 
Pierce 1948; Richards 1952, 1953; Gabbutt 1954; 
and Hubhell 1954), the taxonomic status of the 
different morphological and song forms has 
remained somewhat obscure. Publications by 
orthopterists have continued to refer to them as 
subspecies or as physiological, ecological, or 
geographic races (See Fulton 1933, 1937; Hebard 
1934, 1936, 1938, 1945; Cantrall 1943; Friauf 
1953). In some cases any and all forms en- 
countered have been designated simply as 
Nemobius fasciatus (DeGeer) (Strohecker 1937; 
Froeschner 1954). This treatment is apparently 
due to difficulty encountered in separating. the 
different forms by morphological characters. 


1The part of this work involving detailed studies of 
the songs and singing behavior was carried out by 
Alexander, aided by a grant from the Rockefeller Founda- 
tion. The rest of the material is a joint contribution. 
Accepted for publication February 5, 1959. 
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units and can be counted by ear at low temperatures. 
N. fasciatus (DeGeer), previously called N. fasciatus 
socius Scudder, is less closely related to the other two 
species than they are to each other. It occurs in wet 
situations over nearly all of eastern North America, 
including Florida, with its northern limits somewhere in 
southern Canada, south of the limits of N. allardi. Its 
song consists of a series of buzzy chirps, and is quite 
distinct from the songs of the other two species and 
surprisingly like the songs of Miogryllus species. Audio- 
spectrographic analysis of tape recordings of the calling 
and courtship songs of the three species demonstrate 
relationships which correlate with morphological evidence. 
Comparison of the courtship behavior of the males of 
various Nemobiinae, Gryllinae, and other crickets shows 
that the sequence can be divided into three major segments, 
with homologies and analogies suggested in certain cases. 


The results published by Fulton (1931, 1933, 
1937) were sufficient to demonstrate clearly that 
the forms he called fasciatus, socius, and tinnulus 
are distinct species, whether or not one chooses 
to recognize them by formal nomenclature. This 
was pointed out by Emerson (1945), and also 
by Mayr (1948), who mentioned the observations 
of Cantrall (1943), but unfortunately referred to 
these ground crickets as “tree crickets” (pp. 227, 
230). Hubbell (1954) is reluctant to honor such 
morphologically ill-defined forms with formal 
nomenclature. However, the continued misinter- 
pretation of Fulton’s findings, in spite of his 
statement, “I believe that the three subspecies 
are physiologically distinct and that any indi- 
vidual belongs to one of the three . . .” (1931, 
p. 213) makes it clear that to force proper recogni- 
tion of the relationship of the forms and provoke 
the small amount of field work necessary to 
establish which ones should be included in local 
faunistic surveys and similar investigations, thev 
must be referred to as distinct species nomencla- 
turally as well as otherwise. Froeschner (1954), 
for example, treats all forms under the single 
name, fasciatus (DeGeer), following Fulton’s 
suggestion for ‘‘any general discussion where fine 
distinctions are not involved” (1931, p. 213). 
That this is not satisfactory is evidenced by 
Froeschner’s statement (p. 316) that “although 
a number of categories less than a species have 
been recognized with a name (the woodland race 
N. tinnulus was described in part from Iowa by 
Fulton) many of these were simply color varia- 
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tions or responses to differences in habitat.” 
Analogous morphological variations may appear 
in a species in similar habitats which are isolated 
from each other, as in Acheta pennsylvanicus 
(Burmeister) (See Alexander 1957b) and probably 
do so in most or all species to one degree or 
another as a result of parallel selection. How- 
ever, there seems to be no justification for 
ignoring song variations correlated with habitat 
or implying that these represent local adaptations 
to environmental conditions. Such misinterpre- 
tations result in a false conception of distribu- 
tional history which in this group must have 
involved geographic isolation of the different 
forms, with macrogeographic svmpatry occurring 
only after they had become _ reproductively 
isolated. The distinctness of the three eastern 
species is proved by their frequent co-existence in 
the same habitats without any indication of 
interbreeding. 
NOMENCLATURE AND SYNONYMY 

We have examined all of the existing types in 
this group, and as a result are forced to make the 
following nomenclatural changes. 


Nemobius fasciatus (DeGeer) 
The Striped Ground Cricket 

Gryllus fasciatus DeGeer, 1773, p. 522, Pennsylvania; 
Naturhistorika Riksmuseum, Stockholm, Sweden (a 
single, macropterous female with labels ‘‘170, 5F,"’ 
“‘Gryllus fasciatus DeGeer’’) (See figs. 2, 3). 

Acheta hospes Fabricius, 1775, p. 281, America; Univer- 
sitetets Zoologiske Museum, Krystalgade, Copenhagen 
K, Denmark (a single, macropterous female with label, 
‘*hospes’’). 

Acheta vittata Harris, 1841, p. 123, Massachusetts; type 
lost. There is no indication that Harris distinguished 
this species and allardi (new species described below). 
However, the only part of his description which applies 
to only one of the two species applies to fasciatus: ‘‘In 
the brownish-colored varieties three longitudinal black 
lines are distinctly visible on the top of the head .. .”’ 
Either this character or the ‘‘black line on each side 
of the thorax, which is continued along the sides of the 
wing-covers to their tips,’’ appears to be the basis for 
Harris’ name, vitlata. The latter is characteristic of 
both allardi and fasciatus. On this basis, we believe 
that this name cannot be justifiably used for any 
species other than fasciatus (DeGeer). Prior to its 
being placed in synonymy by Hebard (1913), vittata 
was used by different authors for either one or both of 
these two species. 

Nemobius socius Scudder, 1877, p. 57, Georgia; Museum 
of Comparative Zoology, Harvard College, Cambridge, 
Massachusetts (a single, micropterous female with the 
following labels: ‘‘Scudder’s type 1876,"' ‘‘Geo.,’’ 
“Type 14053,’ ‘‘Nemobius socius Scudd,’’ ‘‘Cab. 
S. H. Scudder.” 


Nemobius tinnulus Fulton 


The Tinkling Ground Cricket 


Nemobius tinnulus Fulton, 1931, p. 210, Raleigh, North 
Carolina; U. S. National Museum (male holotype). 


Nemobius allardi, new species 
Allard’s Ground Cricket 


This is the species which has most often been 
valled fasciatus in the past, erroneously as is 
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shown in figures 2 and 3. It is here named in 
honor of Dr. H. A. Allard, who had described 
the songs and ecology of all three of the eastern 
species discussed here as early as 1910. Although 
he did not refer to them as distinct species, he 
recognized that three forms existed and was the 
first to describe their biological differences 
accurately and in a clearly recognizable fashion. 

Holotype Male: (In University of Michigan 
Museum of Zoology) Collected and song tape- 
recorded (In UMMZ tape library) by Richard D. 
Alexander on the Ohio State University Campus, 
Columbus, Ohio, 3 July 1954, in a mowed lawn. 
Micropterous; general coloration brown with 
darker markings; conformation of head and 
pronotum as shown in figure 2; dorsal head 
striping limited to two lateral dark spots between 
the eyes representing the anterior culmination 
of the lateral stripes, and a dark central stripe 
which almost completely fades out toward the 
back of the head; pronotum slightly narrower at 
anterior border, and bordered laterally with a 
yellowish stripe (not visible from above); pro- 
notum as seen from above bordered with black 
stripes which are separated from the dark median 
portion by yellowish areas of irregular width; 
dorsal surface of abdomen black, ventral surface 
brown; appendages brown; tegmina light brown 
with a dark band on inner side of lateral field 
and dark spots along the median side of each 
tegmen and at base of stridulatory vein; under- 
wings extending only to about the stridulatory 
vein on the tegmina; stridulatory vein on right 
tegmen 0.95 mm. in length from inner end to 
ulnar vein, 1.40 mm. in length from inner end 
to point at which vein becomes curved so that 
it is most nearly perpendicular to base of tegmen. 

Allotype Female: (In UMMZ) Collected by 
Edward S. Thomas and John S. Thomas in 
Monroe Twp., Madison County, Ohio, 24 October 
1933. General form and coloration same as in 
holotvpe, except coloration a little more reddish 
and tegmina shorter, exposing four abdominal 
tergites. 

Measurements of Holotype and Allotype (in 
millimeters, made with an ocular micrometer in a 
binocular microscope): Body length, o’, 9.15, 
9, 9.60; pronotal length, o, 1.65, 9, 2.15; 
greatest pronotal width, 0, 2.50, 9, 2.94; head 
width behind eyes, o’, 2.20, 9, 2.65; length of 
right hind femur, o”, 5.80, 9 , 6.95; length of right 
tegmen, o”, 5.25, 9 , 3.40; length of ovipositor, 7.9. 

Paratypes: (In Ohio State Museum) 7 
micropterous o’o’, 12 micropterous 9 9, Madi- 
son Co., O., Monroe Twp., 24 Oct. 1933, E. S. and 
J. S. Thomas; micropterous co and 9, Mercer 
Co., O., Mendon Twp., 2 Sept. 1932, T. H. 
Hubbell; micropterous o, Franklin Co., O., 
Columbus, 29 Sept. 1932, E. S. Thomas; mi- 
cropterous 9, Lucas Co., O., Little Cedar Point, 
23 Aug. 1932, E. S. Thomas and L. W. Campbell; 
micropterous 9, Geauga Co., O., Bainbridge 
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Twp., 21 Aug. 1937; micropterous 2, Knox Co., 
O., Jefferson Twp., Sect. 1, 30 Sept. 1949, E. S. 
Thomas; micropterous 9, Summit Co., O., Ira, 
James S. Hine; micropterous &@ and 9, Wood 
Co., O., Liberty Twp., 23 Oct. 1931, E. S. Thomas; 
macropterous o’, Lake Co., Ind., Crown Point, 
15 Aug. 1939, C. L. Gibson; macropterous 9, 
Columbus, Ohio, 15 Aug. 1939, H. Mayer: (In 
U.S. National Museum) micropterous @ and 9, 
macropterous o’, 23 Aug. 1943, and macropterous 
9, 18 Aug. 1946, Giles Co., Va., Mt. Lake Biol. 
Sta., T. H. Hubbell: (In Illinois Natural History 
Survey Collection) macropterous o’, Antioch, 
Ill., 25 Aug. 1925, T. H. Frison; macropterous 9°, 
Kankakee, Ill., 15 Aug. 1932, Ross and Mohr; 
micropterous o', Chicago, IIl., 22 Oct. 1903; 
micropterous 9 , Shawneetown, IIl., 12 Oct. 1932, 
Frison and Ross: (In UMMZ) macropterous 
and 9 (latter, fig. 2), Champaign, IIl., 26 Aug. 
1918, T. H. Hubbell; macropterous o’, Livingston 
Co., Mich., E. S. George Reserve, 29 Aug. 1937, 
J. S. Rogers; macropterous o, Ann Arbor, Mich., 
26 July 1921, R. F. Hussey; macropterous 9°, 
Livingston Co., Mich., E. S. George Reserve, 
1 Sept. 1936, I. J. Cantrall; macropterous 9, 
Washtenaw Co., Mich., Scio Twp., Aug. 1933, 
T. H. Hubbell; macropterous <o’, Iosco Co., 
Mich., Oscoda, 6-8 Aug. 1937, Hubbell-Cantrall; 
micropterous <o’, Livingston Co., Mich., E. S. 
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George Reserve, 30 Aug. 1932, P. F. Hickey; 
micropterous ?, Livingston Co., Mich., Brighton 
Twp., 5 Sept. 1921, T. H. Hubbell; micropterous 
9, Johnson City, N. Y., Aug. 1924, A. J. Ells- 
worth (fig. 2); 10 micropterous oo and 10 
micropterous ? 9, Giles Co., Va., Mt. Lake 
Biol. Sta., 23 Aug. 1945, T. H. Hubbell. 

This species is sibling to Nemobius tinnulus 
Fulton, from which it differs in song, in the 
occasional production of macropterous individ- 
uals, in coloration, in conformation of the head 
and pronotum, and in various other characteristics 
discussed elsewhere in this paper. 

Prior nomenclatural misconceptions in this 
group were apparently due to failure to examine 
types located in Europe and to the erroneous 
idea that fasciatus (DeGeer) (called ‘“socius 
Scudder”) was a southern geographic race ex- 
tending north only to the vicinity of the Fall 
Line (Hebard 1913, p. 424; 1934, p. 249). If 
this were true it would preclude application of 
the name, fasciatus (DeGeer), based on a speci- 
men from Pennsylvania. However, as shown in 
figure 1, none of the species in this group is 
limited to a distribution anything like that 
supposed by Hebard. Hebard’s description of 
the morphological relationships among the forms 
discussed by him, and examination by us of 
specimens determined by him as late as 1932, 





Fic. 1.—The geographical distribution in eastern United States of species in the Nemobius fasciatus group. 
Song records (both tape recordings and listening records) are indicated by closed circles, records based on speci- 


mens by open circles. 
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show that he included both fasciatus and allardi 
in his discussion of allardi (which he called 
“fasciatus fasciatus’) and also in his discussion 
of fasciatus (which he called “fasciatus socius’’). 
This seems to have been true of nearly every 
author who recognized that more than one form 
existed, with Fulton (1931, 1932, 1933, 1937), 
Cantrall (1943), and Pierce (1948) the only 
investigators who clearly recognized which species 
they were discussing at any particular time. 
Unfortunately, Fulton accepted the nomenclature 
of Hebard (1913) and assumed that his own 
ideas concerning the application of the names 
were the same as Hebard’s. Thus, the names 
listed in the above synonymy have never been 
used in a clear-cut manner. This confusion is 
demonstrated by the following lists of the names 
which have been associated with the only recog- 
nizable descriptions of the songs of the three 
species under consideration here: 


Nemobius fasciatus (DeGeer) _ 
1. Scudder 1868, p. 3; vittatus (Harris) 
2. Allard 1910a, p. 354; fasciatus vittatus (Harris) 
3. Fulton 1931, p. 223; fasciatus socius Scudder 
4. Cantrall 1943, p. 163; fasciatus socius Scudder 
5. Pierce 1948, p. 129; fasciatus socitus Scudder 
6. Alexander and Borror 1956; fasciatus 
Scudder 
Nemobius allardi, n. sp. 
1. Allard 1910, p. 354; fasciatus vittatus (Harris) 
2. Fulton 1931, p. 221; fasciatus fasciatus (DeGeer) 
3. Cantrall 1943, p. 161; fasciatus fasciatus (DeGeer) 
4. Pielmeier 1946, p. 338; fasciatus fasciatus (DeGeer) 
5. Pierce 1948, p. 126; fasciatus fasciatus (DeGeer) 
6. Alexander and Borror 1956; fasciatus fasciatus 
(DeGeer) 
Nemobius tinnulus Fulton 
1. Allard 1910, p. 41; canus Scudder 
2. Fulton 1931, p. 222; fasciatus tinnulus Fulton 
3. Cantrall 1943, p. 164; fasciatus tinnulus Fulton 
4. 
0. 


soctus 


Pierce 1948, p. 129; fasciatus tinnulus Fulton 
Alexander and Borror 1956; fasciatus tinnulus 
Fulton 


DISTRIBUTIONAL RELATIONSHIPS 


The known distribution of the three species 
under consideration here is shown in figure 1. 
Probably all three species extend farther west 
than is shown, but the scope of this paper has 
been limited to the areas in which we have been 
able to study the species in question in the field. 
With the exception of Fulton’s Iowa work, we 
have excluded most material from west of the 
Mississippi River. We have seen specimens from 
every state bordering the Mississippi River on 
the west, and from as far west as Utah and 
Colorado. However, variations in coloration and 
body conformation, and in the length of the 
female ovipositor and the male stridulatory vein 
suggest that from one to three additional species 
may occur in this area. One of these (probably 
canus Scudder) extends from Colorado, Utah, and 
Texas eastward into Mississippi, Alabama, 
Georgia, western Tennessee, southern Illinois, 
and perhaps to the Atlantic Coast in South 
Carolina. Another (probably abortivus Caudell) 
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is largely northwestern, extending eastward and 
southward into North Dakota and Michigan. 
We have examined the types of both of these 
forms. N. abortivus Caudell is a small, dark 
cricket with a short ovipositor, but otherwise 
resembling allardi. The species which probably 
should be called canus Scudder is the largest in 
this group. In body conformation the cotypes 
from Dallas, Texas, resemble fasciatus, but they 
are generally more reddish in color, and the ovi- 
positor and the stridulatory vein are usually 
longer than in fasciatus. One male examined 
(Dallas, Texas, not a cotype) had 160 teeth on 
the stridulatory vein, a figure intermediate be- 
tween that obtained for fasciatus (100-145) and 
allardi and tinnulus (165-239) in eastern United 
States. 

We believe that the possibility is extremely 
remote that any group such as this one can be 
correctly analyzed from pinned material, and 
therefore defer further remarks on western forms 
until field work with living material can be 
accomplished. 

Because of difficulty in separating pinned 
specimens, records based on specimens alone 
have been considered generally less reliable than 
song records (either listening records or taped 
records), and are indicated in figure 1 as open 
circles. The State of Ohio is probably the only 
area which has been more or less thoroughly 
covered in terms of county distribution. This 
area has been worked intensively by Thomas 
during the past 25 years, and by Alexander from 
1954 to 1958. Thomas has heard each species 
in every Ohio locality listed, and Alexander has 
duplicated about one-third of the Ohio records. 
Outside the State of Ohio most of the song listen- 
ing records have been compiled by Alexander, 
with records by Thomas appearing in Ontario, 
Minnesota, Indiana, Pennsylvania, New York, 
Kentucky, Tennessee, and North Carolina. Rec- 
cognizable song descriptions from definite locali- 
ties have also been utilized from Allard (1910, 
1910a), Fulton (1931), Cantrall (1943), and 
Pielemeier (1946). Records based on specimens 
alone have been compiled from the collections 
of the University of Michigan Museum of Zoology, 
the Ohio State Museum, and the Illinois Natural 
History Survey. 

All three species have wider ranges than has 
been previously supposed. Tinnulus is limited 
to the areas which contain oak-hickory, oak- 
hickory-chestnut, or oak-pine woods, and it has a 
distribution similar to the combined ranges of 
the eastern wood crickets, Acheta fultoni Alexander 
and A. vernalis (Blatchley) (see Alexander 
1957b). Fasciatus and allardi range over most 
of the eastern United States, though allardi is 
limited to the area of the Appalachian Mountains 
and northward, and fasciatus apparently does not 
reach as far north into Canada as allardi. It is 
likely that an obligate diapause limits the southern 
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Fic. 2.—Typical conformations and patterning of the head and pronotum in macropterous and micropterous 
specimens of species in the Nemobius fasciatus group. For females, the measurements indicate length of ovi- 
positor; for males, length of the stridulatory vein on the right tegmen as viewed from above. 
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distribution of allardi, as is apparently the case 
with Acheta pennsylvanicus (Burmeister), a species 
which has a very similar geographic distribution 
and occurs in the same habitat. 


ECOLOGICAL RELATIONSHIPS 


Our observations on the ecological relation- 
ships of the three species, made chiefly in Ohio, 
Indiana, and Illinois, correspond closely to the 
information given by Fulton (1931) and Cantrall 
(1943), for North Carolina and Iowa, and for 
Michigan, respectively. 

Allardi is an inhabitant of grassy and weedy 
areas, such as lawns, pastures, fields, and road- 
sides, and is generally more abundant on slopes 
and in well-drained locations. Fasciatus charac- 
teristically occurs in marshes and in other low, 
poorly drained, grassy situations such as along 
stream banks and in _ bottomland pastures. 
Tinnulus is restricted to xeric woodlands and 
woodland borders, nearly always in leaf litter or 
pine needles in sunny or lightly-shaded oak- 
hickory, oak-hickory-chestnut, or oak-pine woods. 

In hilly country within the range of tinnulus, 
all three species are often found in the same 
valley within a radius of a few hundred feet: 
tinnulus occupying the xeric southerly and west- 
erly exposures; allardi occupying well-drained 
mesic situations, such as north- and east-facing 
slopes or the lower portions of drier slopes; and 
fasciatus occupying swampy places, usually in 
the bottoms of the valleys. Allardi and tinnulus 
are often found in colonies within a few yards of 
each other, as reported by Cantrall (1943 
though they do not often come into contact. 
Fasciatus and allardi, however, sometimes inter- 
mingle at borderlines between mesic and hydric 
situations such as the periphery of low spots in 
pastures. Rarely, these two species have been 
found mixed together in colonies of considerable 
density in artificial situations, such as _ well- 
watered lawns. 

On one occasion only, in September, Alexander 
found all three species completely mixed together 
in comparable proportions, in Hocking County, 
Ohio. The situation was a grassy, mowed 
clearing in a rather low area along a small stream. 
Leaf litter from the surrounding forest was 
scattered across the clearing. N. maculatus 
Blatchley, an inhabitant of leaf litter in woods, 
and N. carolinus Scudder, an inhabitant of moist, 
poorly drained situations, were also present in 
the clearing in small numbers. 

To illustrate the combinations in which col- 
lectors may take these three species in series 
obtained from small areas, we analyzed a collec- 
tion of 254 adults taken by T. H. Hubbell in 38 
different localities in Giles County, Virginia, 
between July 23 and August 27, 1945, and 1946. 
Because Dr. Hubbell kept a log book in which he 
noted habitat and song, it was possible for us 
positively to identify practically every specimen. 
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This collection included 40 specimens of fasciatus, 
154 of allardi, and 160 of tinnulus. Fasciatus 
was taken at 8 different localities, allardi at 28, 
and tinnulus at 22. Eleven collections were of a 
single specimen only. In the other 27 collections, 
each containing from 2 to 30 specimens, fasciatus 
was taken alone only 1 out of 7 times, allardi 9 
out of 23 times, and tinnulus 2 out of 15 times. 
Fasciatus and allardi were taken together 4 times, 
allardi and tinnulus 13 times, and all three species 
were taken in the same series twice. Much of 
Dr. Hubbell’s collecting was done along forest 
borders and in small clearings, and it is likely 
that he frequently included in the same series 
specimens from different microhabitats. How- 
ever, the combinations of specimens he collected 
in relatively small areas demonstrate the degree 
of sympatry existing among populations of these 
species, largely as a result of artificial clearing. 
The fact that a series of specimens taken in what 
the collector believes to be a very restricted 
locality or a uniform habitat may contain two 
of the three species and even rarely all three has 
not been generally recognized in the past and 
has been responsible for much confusion and 
many misidentifications. It should be empha- 
sized that situations in which individuals of more 
than one of the three species are actually mixed 
together are unusual and almost always man- 
made. Some situations are misleading, such as 
when macropterous individuals of both fasciatus 
and allardi are attracted in great numbers to 
lights and remain temporarily in the immediate 
vicinity, even though only one of the two species 
is actually breeding there. 


SEASONAL LIFE HISTORIES 


In the Northern States all three species over- 
winter as eggs and mature in July, continuing to 
sing until the last individuals are killed by heavy 
frosts, generally in early November. These are 
among the last singing insects to survive as adults 
in this area, apparently because, as ground in- 
habitants, they are protected from brief periods 
of low temperature in deep grasses, crevices, and 
burrows, and under logs, boards, and stones. 
Their soft sounds become more and more obvious 
in late fall as other louder singing species are 
progressively killed off by early light frosts. In 
Ohio the earliest and latest singing dates for = 
three species are as follows: fasciatus, July 
Nov. 14; allardi, June 29-Nov. ‘11; tinnulus, uly 
26-Nov. 18. Adults of the three species in the 
University of Michigan Museum of Zoology 
series were taken in central and northern localities 
on the following earliest and latest dates: fasciatus, 
July 17 (Marquette Co., Mich.)-Nov 16 (Washte- 
naw Co., Mich.); allerdi, July 23 (Mackinac Co., 
Mich.)-Nov. 26 (Urbana, IIl.); tinnulus, July 26 
(Haywood Co., N. C.)-Nov. 6 (Washtenaw Co., 
Mich.). The chief difference in the life histories 
of the three species is that fasciatus probably has 
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two or three generations in the southeastern 
states (Fulton 1931), and breeds continuously in 
the Florida area. There are adults of fasciatus 
in the University of Michigan Museum of Zoology 
series taken every month of the year in Florida. 
The June 29 date for allardi is an unusually 
early date, from specimens taken in a sheltered 
southern exposure on the Ohio State University 
campus. 
HYBRIDIZATION AND PROBABLE 
ISOLATING MECHANISMS 


We have not conducted breeding experiments. 
Fulton (1933, 1937) was unable to get fasciatus 
to cross in the laboratory with either allardi or 
tinnulus, although he secured fertile offspring in 
stress matings between allardi and tinnulus. 
However, no one has ever reported hearing an 
intermediate song in the field, such as Fulton’s 
hybrids produced. It is possible that an occa- 
sional hybrid is produced between these two 
species in the field, but there is no basis for 
assuming that such rare hybridization, even if it 
does occur ever results in gene flow between the 
species. Copulation between the two species is 
largely prevented in the field by the differences 
in their micro-distribution. It is likely that song 
differences and discordance in the sequence of 
male-female interactions during courtship in non- 
stress situations combine to complete isolation. 
The micro-distributional relationships of these 
two species and the extreme similarity between 
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the calling song of tinnulus and one of the court- 
ship song rhythms of allardi, discussed in detail 
below, are of some interest. 

Fasciatus and allardi probably never inter- 
copulate in nature due to (1) a lack of inter- 
specific attraction at long range because of the 
radical differences between their calling songs, 
and (2) discordance during the courtship sequence 
when sexually responsive individuals happen into 
close proximity, perhaps largely due to differences 
in the courtship sounds. Tinnulus and fasciatus 
are almost totally isolated by differences in 
micro-distribution and this is also reinforced by 
radical song differences, both of these mechanisms 
operating prior to the physiological isolation 
demonstrated by Fulton’s tests. The fact that 
fasciatus cannot interbreed with allardi or tin- 
nulus, even under stress conditions, and the 
relatively great differences between the sounds of 
this species and those of allardi and tinnulus 
indicate that it is more remotely related to the 
latter two species than they are to each other. 
This relationship is also reflected in morpho- 
logical characters. 

MORPHOLOGICAL RELATIONSHIPS 
The morphological relationships of the three 
species are confusing, as anyone who has tried 
to determine pinned material is well aware. We 
have examined thousands of specimens and have 
measured and plotted on various scatter diagrams 
a large number of characters. Those which most 
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species in the Nemobius fasciatus group. 
state in which the species has been taken. 
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clearly separate the species are illustrated in 
figures 2 and 3. Our studies have revealed no 
new morphological characters by which to dis- 
tinguish the three species, nor have they dis- 
closed any single morphological character by 
which the species can always be separated. They 
have shown, however, that nearly all individuals 
of the three species can be separated by com- 
binations of easily observed characteristics which 
have previously been considered to be of little 
value. Thus, as shown in figure 3, a high per- 
centage of the females of the three species can be 
separated by plotting ovipositor length and head 
width behind the eyes on a scatter diagram. The 
males of fasciatus can be separated from those of 
the other two species by the short length of the 
stridulatory vein on the right tegmen, as viewed 
from above without dissection. .In fasciatus the 
length of this vein from its median end to the 
inside edge of the ulnar vein (the ulnar vein con- 
nects to the stridulatory vein from the rear) is 
always less than 1.00 mm., and usually less than 
0.90 mm., and is less than one-third as long as 
the width of the head behind the eyes. In 
allardi and tinnulus this part of the stridulatory 
vein is over 0.90 mm. in length, and this measure- 
ment is more than two-fifths the width of the 
head behind the eyes. 

The general conformation and coloration of the 
head and pronotum (fig. 2) will allow confirma- 
tion of the identity of specimens which are still 
doubtful after ovipositor length or stridulatory 
vein length have been compared with head width. 
In fasciatus the head is broader and more fully 
rounded than in the other two species, and the 
pronotum in micropterous specimens is barrel- 
shaped, rather than trapezoidal as in micropterous 
specimens of the other two species. The dorsal 
head striping is nearly always intense in fasciatus, 
faint in allardi, and absent or nearly so in linnulus. 
The dark lateral stripes on the pronotum are 
black in fasciatus and allardi, often only dark 
brown in tinnulus. The head and pronotum of 
fasciatus are usually strongly patterned in yel- 
lowish or buff and black. In allardi the pronotum 
is generally dark brown or nearly solid black, and 
the head is predominantly reddish-brown with 
darker brown or blackish markings less clear-cut. 
The head of tinnulus is usually sandy-reddish 
with scarcely any patterning at all, and the 
pronotum is light to dark red-brown with little or 
no patterning. As in Acheta pennsylvanicus, light- 
colored specimens of N. allardi occur in the Great 
Lakes region, and these may occasionally be 
confused with tinnulus. 

The structure of the head and pronotum have 
previously not been recognized as good characters 
in this group, partly because of failure to recognize 
that differences appear in these structures between 
the macropterous and micropterous forms in 
fasciatus and allardi. As shown in figure 2, the 
rear border of the pronotum is widened in macrop- 
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terous specimens of fasciatus so that they take on 
a general appearance similar to that of the 
micropterous individuals of tinnulus and allardi. 
A similar change exaggerates this characteristic 
proportionately in macropterous specimens of 
allardi. Similar phase differences occur in Acheta 
(Alexander 1957b), and there are indications that 
characteristic differences in behavior are asso- 
ciated with these morphological differences. Of 
the three species, only allardi and fasciatus are 
known to produce macropterous individuals. 
Tinnulus, like Acheta vernalis (Blatchley), A. 
fultoni Alexander, and many other woods- 
inhabiting Orthoptera, is apparently always 
flightless. Over 1,000 specimens each of fasciatus 
and allardi were examined during the present 
study, and among these there were about 100 
macropterous fasciatus and 250 macropterous 
allardi. Over 600 specimens of tinnulus were all 
micropterous. The situation(s) responsible for 
the production of macropterous individuals in 
crickets is unknown, but under certain circum- 
stances macropterous fasciatus and allardi, as 
with Acheta rubens (Scudder), swarm to lights in 
tremendous numbers. 

Positive separation of fasciaius males from the 
males of allardi and tinnulus can be made by 
removing the right tegmen and counting the 
number of teeth in the stridulatory vein. Counts 
by Fulton (1931), Pierce (1948), and the present 
writers give the following ranges in numbers of 
teeth on this vein in the three species: fasciatus, 
101-145; allardi, 165-200; tinnulus, 187-239. 
The general appearance of the tegmina and of 
the stridulatory veins are respectively illustrated 
by Fulton (1931, p. 211) and Pierce (1948, pp. 
122-123). Allardi and tinnulus have very similar 
stridulatory apparatus, the differences in their 
songs arising from differences in the rhythm with 
which the tegmina are stroked during sound 
production 

The inclusion of material from Western and 
Southwestern States in the three species under 
discussion has been another source of confusion 
in the study of morphological relationships in 
this group. As already stated, we believe that 
this material represents additional species. Its 
geographic location, outside most of the ranges 
of the three eastern species, almost completely 
precludes the possibility of its representing inter- 
gradation or interbreeding, even though certain 
of the characters of specimens from this area, 
such as ovipositor length and stridulatory vein 
length and number of teeth, are somewhat inter- 
mediate in nature. 

While it is unfortunate that more satisfactory 
morphological distinctions have not been found 
among these species, it should be noted that such 
characters, especially if of a highly detailed or 
minute nature requiring dissection of every 
specimen or complicated measuring and statistical 
analysis, would probably not serve any important 
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taxonomic function. These three species can 
be separated perfectly well as living individuals, 
nearly all specimens can be distinguished on the 
pin, and there is no evidence of gene flow among 
them. Distribution records for the group can be 
compiled much more quickly by listening for 
songs than by examination of specimens, especi- 
ally if dissection is required. If more than one 
specimen is included in material for which 
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identification is needed, and especially if ecological 
and song notes are included, determination be- 
comes a minor problem. The relationships of 
the species are fairly clear. Morphologically ill- 
defined species are common among the singing 
Orthoptera, and are being discovered in more and 
more abundance in other groups of insects. There 
is no evidence that lack of distinctiveness in 
morphological characters alone is a criterion for 
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considering such species to be more recently 
diverged or related in any more unusual way than 
other closely related pairs and groups of species 
which exist in the same areas and are well de- 
fined by obvious morphological differences. The 
kinds of characters by which we visually distin- 
guish specimens are not necessarily connected to 
sexual selection or to any other phenomena for 
which we should expect strong positive selection 
for divergence, even in sy mpatric species. The 
comparative degree of relationships among the 
species within a genus may sometimes be ascer- 
tained as easily by distribution, ecology, song, or 


by combinations of such characters as by mor- 
phological similarities. 


KEY TO EASTERN SPECIES IN THE 
Nemobius fasciatus GROUP 


The following key is a summary of ecological 
and song information as well as morphological 
characters. It will allow determination of most 
pinned material and enable any interested person 
to identify any living male, and to determine 
which of the three species are present in a par- 
ticular locality. All of the songs described are 
high-pitched and none are particularly loud 
noticeable. They can be heard from early July 
until heavy frost in the proper habitats in central 
Ohio. 


1. Head and pronotal coloration usually a strong 
patterning of dark brown or black with light 
yellowish; dorsal head striping usually intense 
and obvious; head well-rounded and full; 
pronotum in micropterous specimens barrel- 
shaped, so that head and front edge of 
pronotum are usually as wide as or wider 
than rear edge of pronotum; either macropter- 
ous or micropterous; ovipositor of females 
5.9-10.0 mm. in length, over 7.5 mm. only in 
specimens with head width behind eyes over 
2.6 mm.; stridulatory vein on right tegmen of 
male bearing only 100-150 teeth and with 
portion inside ulnar vein less than 1.0 mm. 
long and less than one-third as long as width 
of head behind eyes; found in grassy or weedy 
areas, generally near streams or ponds in 
moist situations, almost never on high slopes 
or in dry woodlands; song a steady repeating 
of short, buzzy, non-musical chirps delivered 
at about 4 to 9 per second at 80° F.? 

fasciatus (DeGeer) 


Head and pronotal color either sandy-reddish or 
dark reddish-brown or black; dorsal head 
striping faint or absent; head narrow and 
retracted; pronotum in micropterous and 
macropterous specimens trapezoidal, narrower 
in front so that head and tront of pronotum 
are noticeably narrower than rear edge of 
pronotum; ovipositor of females 6.0 mm. to 


*Miogryllus verticalis (Serville) has a remarkably 
similar calling song, but it delivers the chirps much more 
slowly, 1 to 8 in 5 seconds at 80° F., and it is an inhabitant 
of dry grassy hillsides or sandy areas, very rarely oc- 
curring together with fasciatus though the two species 
have similar geographic ranges. ‘(he songs of eastern 
Miogryllus will be discussed and compared with those of 
fasciatus in a later paper. 
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10.3 mm. in length; head width behind eyes 
in females not over 2.8 mm.; stridulatory vein 
on right tegmen of males bearing more than 
160 teeth, and with portion inside ulnar vein 
rarely under 1.0 mm. in length and more than 
two-fifths as long as width of head behind 
eyes; found in dry or moist grassy or weedy 
areas or in dry woodland; song a clear, musical, 
tinkling or trilling sound . 

General coloration pale and reddish, ‘espec ially 
dorsal surface of head; macropterous speci- 
mens not known; found in and along the 
borders of oak-hickory, oak-hickory-chestnut, 
or oak-pine woods, generally in leaf litter or 
pine needles; song a slow uninterrupted ‘‘tink- 
tink-tink . . .,"" 2-3 per second at 50° F., 9-10 
per second at 90° F tinnulus Fulton 


General coloration red-brown to black; dorsal 
head striping usually faintly visible, and head 
sandy-reddish only in some specimens from 
sandy areas around the Great Lakes; macrop- 
terous or micropterous; found in lawns, 
pastures, grassy, and weedy areas, rarely 
along woodland borders; song a trill in which 
the individual notes are like those in the song 
of tinnulus, but are delivered much more 
rapidly (barely perceptible individually), 
about 6-8 per second at 50° F. and 16-18 per 
second at 90° F., and with slight breaks 
occurring in the trill at irregular intervals of 
2 to 30 seconds. allardi, n. sp. 


2 (1'). 


SONGS AND SINGING BEHAVIOR® 
Nemobius allardi, new species 
Allard’s Ground Cricket 


The songs of fourteen individuals of this species 
have been tape-recorded from the localities shown 
in figure 9, for a total of about 13 minutes of the 
calling song and 3 minutes 30 seconds of courtship 
singing.‘ 

The calling song, described in the key above 
and illustrated in figures 4 and 9, is a simple 
repetition of sound pulses which are strongly 
dominated by a frequency corresponding to the 
number of file teeth struck per second and vary- 
ing with temperature along with the pulse rate. 
About 90-110 teeth are contacted in each wing- 
stroke and the wings are apparently held tem- 
porarily or slowed between sound pulses, since 
the intervals are longer than the pulses. Each 
pulse involves a slight downslur in frequency 
corresponding to a wider spacing of the teeth 
toward the median end of the stridulatory vein. 
As in other crickets, the file and scraper generally 
contact only during the closing of the wings. 

This species has three more or less distinct 
courtship rhythms, of which only that produced 
in the final stage of courtship has been tape- 
recorded (fig. 5). In the early stages of courtship 
when the male is still facing the female, he pro- 
duces trills 1-2 seconds in length, the pulses 


*Some of the tapes used in this study are located in the 
Laboratory for the Study of Animal Sounds, Department 
of Zoology and Entomology, The Ohio State University, 
Columbus, and some are located in The University of 
Michigan Museum of Zoology. The recording and 
analyzing equipment used was that described by 
Alexander (1957). 
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delivered at the same rate as in the calling song, 
with each trill followed by one pulse a little 
separated from the rest, then a half-second rest 
before the next trill. As this song is produced, 
the male jerks his body backward each time the 
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disjunct pulse is produced at the end of the trill. 
This stage of courtship is probably analogous to 
the precourtship phase in Acheta described by 
Alexander (1957). When courtship has advanced 
somewhat and the male has reversed his position 
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KILOCYCLES PER SECOND 


Fic. 9. 


Scatter diagram of pulse rate and frequency at various temperatures in the calling and 


courtship songs of Nemobius allardi and N. tinnulus from different localities (lines are approximate). 
Pielemeier (Penn.) and Pierce (N. H.) are literature records from Pielemeyer (1946) and Pierce (1948). 
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and begun to back toward the female’s head, a 
slower pulse rate of 5 to 6 per second is produced, 
and the pulses are grouped 4 to 8 in a series with 
breaks of a fraction of a second between series. 
Sometimes this song develops into a uniform 
slow tinkle as courtship advances (fig. 5), re- 
sembling the calling song of tinnulus (fig. 6). In 
these last two songs the male jerks his body each 
time a group of pulses is produced, or shakes his 
entire body during the ungrouped pulse sequence. 
The ungrouped, slow pulse sequence is probably 
analogous to full courtship in Acheta, and the 
intermediate rhythm to the mixed courtship of 
‘Acheta (Alexander 1957) 

Fulton (1931, 1933) described both the calling 
song and the courtship songs of this species from 
several different localities. His estimates of the 
pulse rate in the calling song are as follows: 
Iowa, 5-6 per second at 50° F., 8-9 per second 
at 61° F.; North Carolina Mountains, 7 per 
second at 60° F., 8 per second at 66° F., 9 per 
second at 68° F., “Specimens from Raleigh, 
North Carolina appear to have a slightly higher 
rate than the mountain specimens.” (1931, 
p. 222). In 1933 he gave the range of pulse rate in 
this species from 5 per second at 50° F. to 15 per 
second at 80° F. A comparison of these figures 
with those in figure 9 shows that they are all 
slightly lower. Pielemeier (1946) gave a pulse 
rate of 20 per second for this species (no tem- 
perature indicated) at University Park, Pennsyl- 
vania, and found intensity peaks in the frequency 
spectrum at 8.3 kilocycles per second (61 decibels 
at 1 foot), 17.4 kps. (35 db. at 1 foot), and 
kps. (48 db. at 1 foot). Pierce (1948) noted 
pulse rates varying from 14.5 to 20 per second in 
New Hampshire at temperatures ranging from 
69.4° F. to 96.8° F., and gave the dominant fre- 
quency in a song delivered at 19 pulses per 
second as 7500 cycles per second. These esti- 
mates are somewhat higher in pulse rate than 
those found in the present study, both for a 
given temperature and for a given frequency. 
Pierce also estimated that 162 to 172 teeth were 
struck per pulse, a higher figure than that ob- 
tained in the present study. 


Neomobius tinnulus Fulton 
The Tinkling Ground Cricket 


The songs of four specimens of this species have 
been tape-recorded from the localities indicated 
in figure 9, for a total of about 9 minutes of the 
calling song and 70 seconds of courtship singing.® 


‘T - re cordings made of the songs of five individuals 
from Greenbrier Co., W. Va., Washington Co., Va., 
Swain C o., ~¥ oi Blount Co., Tenn., and Jefferson Co. 
Ala. by 7 ; Moore and K. C. Shaw became available 
as the aeons was being sent to press. They are 
not included in fig. 9; all but the last are shown as song 
records in fig, 1. 

’Tape recordings made of the songs of two individuals 
from Tuscaloosa Co., Ala., and Scott Co., Miss., by T. E. 
Moore and K. C. Shaw are included in fig. 1, but not in 
fig. 9. 
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Several courtship sequences have been watched 
in cages and two different rhythms were observed 
at different stages of courtship. When a male 
first approaches a female and is still facing her, 
he delivers pulses at the rate of about 2-3 per 
second, and groups them in sets of 2—4, with a 
slightly longer interval between groups. After 
each group of 2-4 pulses, he jerks the body 
backward slightly in the manner characteristic of 
courting male crickets. Eventually the male 
reverses his position, stops jerking, and backs 
toward the female while producing a regular 
succession of pulses at a rate of about 3 per 
second, at 80° F. This is the only courtship song 
which: has been tape-recorded. During this 
sequence the body of the male shudders rapidly, 
as was described for N. allardi in full courtship. 
This is the courtship song most often heard from 
a culture, probably because more time is spent 
in this stage of courtship than in the other pre- 
liminary phase. In one case a male singing the 

calling song was noticed to be approached from 
the rear by a responsive female, and the less 
commonly heard rhythm was completely omitted. 

As shown in figures 4—6, the individual pulses 
in the songs of tinnulus and allardi are practically 
identical. The only differences in the songs are 
in the rate and rhythm of delivery of these pulses, 
and in these characters the modifications in the 
songs of each of the two species from one situa- 
tion to the next are also analogous. In each case 
tinnulus delivers pulses more slowly than allardi, 
and the full courtship singing of allardi is very 
similar to the calling song of tinnulus. The dif- 
ferences between the songs of the two species, 
and between the different songs of each species, 
are the result of variations in the length of the 
intervals between pulses. The two species have 
very similar stridulatory veins and they strike 
about the same number of teeth per sound pulse. 
The pulse intervals in the calling song of tinnulus 
and in the courtship songs of allardi are longer 
than the pulses, indicating that the wing motion is 
not continuous, but involves a brief period be- 
tween successive sound pulses during which the 
wings are held motionless. This “hold’’ is ob- 
vious to the unaided eye. Fulton (1933) crossed 
allardi and tinnulus and found that the resulting 
hybrids had pulse rates (wing ‘“‘hold”’ intervals) 
intermediate between those of the two parents. 
Backcrosses with the two parents moved the 
pulse rate in the F, hybrids part way toward 
that of the parent used in the backcross. This 
example and the song of a presumed hybrid 
Acheta described by Alexander (1957b, 598) 
are apparently the only instances in which there 
is some suggestion as to how interspecific song 
differences are inherited in crickets. 

Fulton (1931) described the calling song of 
tinnulus and says that in the courtship song the 
pulses are produced about half as fast as in the 
calling song. His estimates of the pulse rate in 
the calling song are as follows: Iowa, 7-8 per 
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second at 80° F., 5-5.7 per second at 66° F., 4.4 per 
second at 65° F., 4.3-5 per second at 61° F., 3.8 
per second at 59° F.; Raleigh, North Carolina, 
7 per second at 82° F., 8 per second at 79° F., 
7 per second at 75° F., 6 per second at 69° F., 
5.5 per second at 67° F., 5 per second at 66° F., 
4 per second at 66° F. Pierce (1948) gives the 
pulse rate as 5-10 per second with the dominant 
frequency of the sound at 6.3 kilocycles per 
second at a pulse rate of 5 per second. He 
estimated that 126 teeth were struck during each 
sound pulse. All of these figures agree well with 
those obtained in the present study. 


Nemobius fasciatus (DeGeer) 
The Striped Ground Cricket 


The songs of eleven individuals of this species 
have been tape-recorded from Adams and Licking 
Cos., Ohio; Bourbon Co., Ky.; Greenbrier Co., 
W. Va.; Yazoo and LeFlore Cos., Miss.; 
LaFourche Parish, La.; and Dade and Sarasota 
Cos., Fla., for a total of about 10 minutes of the 
calling song and 4 minutes of courtship singing. 

The calling song of this species is a continuous 
repeating of high-pitched, soft, buzzy, multipulse 
chirps, each lasting a little less than a tenth of a 
second. Each chirp in the calling song contains 
7 or 8 pulses and each pulse contains about 30 
toothstrikes. The chirp rate is usually 2-4 per 
second at 75-85° F. The file of this species 
contains fewer teeth than those of allardi and 
tinnulus, but the teeth are spaced the same at 
similar locations on the file. Fasciatus uses only 
about a third as many teeth as do allardi and 
tinnulus, and the pulses in its chirp are about a 
third as long. The songs of fasciatus and of 
Miogryllus species sound considerably less musical 
to the ear than the songs of allardi and tinnulus, 
but when played at a reduced speed, lowering the 
frequencies, they sound nearly as clear and 
musical as the songs of other crickets. The 
failure of the ear to note the dominant pure 
frequency is probably partly due to the high 
frequency involved, and partly due to the nature 
of the song rhythm. It is amazing that sounds 
as different as those of allardi and tinnulus are 
from that of fasciatus can be produced with 
stridulatory structures which are so similar. 

In the early stages of courtship in this species, 
the calling song is modified by an increase in the 
chirp rate up to 8 to 12 chirps per second, a 
decrease in the number of pulses per chirp to 2 to 
5, and a decrease in the intensity of the dominant 
frequency. Ina later stage of courtship the sing- 
ing rhythm changes so that the chirps are pro- 
duced in groups of 3-6 with the last chirp in each 
group a little longer, it pulse rate a little slower, 
and its pitch dropping a little toward the end of 
the chirp. Figure 8 shows the last two chirps in 
such a group. The male jerks his body backward 
at the end of the last chirp in each group. 

Fulton (1931, 1932) noted the following chirp 
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rates in the calling song of this species: Ames, 
Iowa, 2.5-3 per second at 77° F., 4 per second 
at 80° F.; Raleigh, North Carolina, 7 per 5 seconds 
at 66° F., 3-5 per second at 86° F., 4—6 per second 
at 88° F.; Ripley, West Virginia, 3 per second, 
probably over 90° F.; Geneva, N. Y., 3-5 per 
second, over 80° F. Fulton also described the 
courtship rhythms discussed above, and ob- 
served 5-9 pulses per chirp in early courtship. 

Pierce (1948) found a chirp rate of 1.4~-5 per 
second in Franklin, New Hampshire, specimens, 
with 4-12 (in one case 23) pulses per chirp. He 
obtained a dominant frequency of 7740 cycles per 
second at a pulse rate of 75 per second and a 
chirp rate of 1.3 per second (no temperature 
given). He estimated that 56 of 118 teeth were 
used per pulse. 

A male encounter or fight chirp noted in this 
species involves an increase in the number of 
pulses. The same kind of sound is produced by 
males of Miogryllus and Acheta in the same 
situation. As already noted, the different sounds 
of N. fasciatus are surprisingly like those of 
Miogryllus verticalis in spite of the fact that these 
two species are placed in different subfamilies. 
The sounds of these two species do not closely 
resemble those of any other crickets in the eastern 
United States. The significance of their striking 
similarity to each other is not known. 


DISCUSSION OF MALE COURTSHIP BEHAVIOR 


The courtship behavior of male crickets can 
generally be divided into three stages on the 
basis of more or less obvious changes in (1) the 
type of sound being produced, (2) the character 
of the body maneuvers, and (3) the relative 
positions of the male and female. These three 
stages can be described as follows: (1) prelimi- 
naries of short duration performed while the male 
is facing the female, (2) an intermediate stage 
sometimes lasting several minutes during which 
the male reverses his position and makes distinc- 
tive sounds and movements with his posterior end 
directed toward the female’s head, and (3) ad- 
vanced courtship, which is usually of relatively 
short duration and is characterized by the male 
actively promoting contact with the female and 
assumption of the copulatory position. In cric- 
kets, the female mounts the male in copulation 
and the activity of the male in this final stage 
consists of flattening his body against the sub- 
strate, backing toward the female until contact is 
established, then either backing under the female 
or simply allowing her to mount. The nature of 
the final phase of courtship depends on the 
responsiveness of the female. If she withdraws 
upon contact, the male generally resumes the 
activities characteristic of the intermediate stage 
of courtship, and if her withdrawal is more 
pronounced, he is likely to stop courting, turn 
around and face her, and begin the preliminaries 
again. If she leaves, the male in some species 
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produces distinctive sounds similar to those pro- 
duced during encounters with other males. There 
are, of course, variations in the courtship patterns 
of different species, some species producing no 
sound at all during courtship, others producing 
only a single sound during only one of the phases 
of courtship. In general, when female-attracting 
glands are present (e.g., Oecanthus spp.), courtship 
sounds are intermittent and not distinctive; when 
such glands are absent (e.g., Acheta, Miogryllus 
spp.), courtship sounds are rhythmic, continuous, 
and distinctive. 

Courtship phases (2) and (3) above probably 
correspond to Gabbutt’s (1954) Phases II and 
III in the courtship of Nemobius sylvestris (Bosc.). 
Gabbutt does not describe a preliminary or en- 
counter phase, described as (1) above. His Phase 
I refers to situations in which the calling song is 
produced, 

The chief difference between the courtship of 
Nemobiinae and that of Gryllinae is that in the 
latter a distinctive, more or less continuous, 
tegminal rhythm is produced during the final 
stage of courtship, and this rhythm is so similar 
in different species of Acheta and Gryllus, and in 
Gryllodes sigillatus (PF. Walker) that a common 
origin is suggested. None of the Gryllinae are 
known to possess a dorsal gland or other struc- 
ture attractive to the female and involved in 
inducing her to assume the copulatory position. 
Apparently all of the Nemobiinae possess such a 
gland, at the base of a spine on the hind tibiae 
in American species (Fulton 1931; Gurney 1947) 
and on the right tegmen in European species 
(Richards 1952). Neither Vemobius species nor 
Miogryllus species have courtship songs of a 
nature which suggests a common origin with 
those known in Achela, Gryllus, Gryllodes, and 
Anurogryllus (Alexander 1956, 1957, and un- 
published data). There are indications that 
small groups within the Nemobiinae have court- 
ship songs derived from a single source (allardi 
and tinnulus; carolinus and melodius—see Alex- 
ander 1957a), but there is no evidence for a 
common origin of the courtship songs of all 
Nemobiinae. 
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FRASS SIZE AS AN INDICATOR OF SPRUCE BUDWORM LARVAL INSTARS'! 


JAMES L. BEAN 
Entomologist, Lake States Forest Experiment Station? 


ABSTRACT 


Frass width, but not its length or volume, shows 
correlation with the various larval instars. The mean 
width, and the standard deviation, for each instar are 


Obtaining reliable quantitative data on the 
rate of insect development in the field is one of 
the basic problems in forest entomology. The 
method presented in this paper involves the use 
of frass (larval excrement) width in determining 
larval instars. The data were obtained as part 
of the biological studies on the spruce budworm, 
Choristoneura fumiferana (Clem.), conducted by 
the author at the Kawishiwi Field Laboratory 
near Ely, Minnesota. 

The objective of this study was to determine 
whether frass falling on the ground during larval 
feeding would provide an index of the larval in- 
stars present on the trees at any one time. 


REVIEW OF LITERATURE 
The use of frass measurements as a means of 
determining larval instars is not new. Morris 


‘Accepted for publication February 5, 1959. 

2Maintained at St. Paul 1, Minnesota, by the Forest 
Service, U. S. Department of Agriculture, in cooperation 
with the University of Minnesota. The author wishes 
to acknowledge the assistance of H. O. Batzer, R. N. 
Renlund, and W. G. Hopkins during the past 2 years in 
collecting data for this paper. 


tabulated. Frass, collected in cone-shaped cloth traps 
in the field, can be used as an index of the percént of 
larvae in each instar present when the collection is made. 


(1949a), in his study of the European spruce 
sawfly, Diprion hercyniae (Htg.), noted that 
pellet measurements could be used to advantage 
in determining the prevalence of the different 
instars in the field. 

In 1950 Jaynes and Godwin’ tried to correlate 
the volume of frass produced by the various 
instars of laboratory-reared budworm larvae with 
frass collected in the field. The ratios derived 
from the two sets of data were not consistent, 
and they concluded that the retention of frass 
in the webbing and on the foliage in the field was 
an important factor affecting the accuracy of 
this method of estimating relative larval 
abundance. 

Morris (1949b), in his studies in New Brunswick, 
concluded that spruce budworm frass-drop did 
provide a rapid means for deriving daily trends of 
larval population, and for assessing variations in 
larval populations between different areas. In 


’3Unpublished annual progress report for 1950 in file 
of the Forest Insect and Disease Laboratory, North- 


eastern Forest Experiment Station, New Haven, 


Connecticut. 
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Table 1.—Statistical summary of frass width by 
instars in millimeters. 


Mean 
width 


Standard 
deviation 


Number of 


Instar samples 


No frass ejected during this instar 
70 0.11 0.021 
Third. 70 20 034 
Fourth. . 70 30 030 
Fifth... 92 50 078 
Sixth 104 69 065 


First... 
Second... 


this application of frass measurement frass traps 
were left in each area for only a day or two. It 
was assumed that errors due to the retention of 
frass by the foliage and wind dispersal would have 
an equal magnitude for all areas sampled and 
therefore would not materially affect the results. 

This study does not attempt to correlate frass 
volume with trends in larval populations. In- 
stead it presents another sampling technique for 
plotting larval development in the field with 
little effort and with no disturbance to the larvae 
themselves. 

The frass pellets of the spruce budworm have 
been described briefly by Morris (1942) in a key 
identifying a number of spruce defoliators. 
Hodson and Brooks (1956) also included a de- 
scription of spruce budworm frass in their key to 
certain defoliators. The color of the newly 
ejected pellet is dark green, but after exposure 
to the weather for a day or more it becomes 
reddish-brown. The size and shape of the pellet 
(figure 1) are not essentially altered by exposure 
to rainfall. It is durable and does not break up 
unless collected when wet. 


METHODS 


To obtain samples of frass for each instar, 
larvae were collected in the field as they emerged 
from hibernation and were reared individually in 
small cages kept supplied with fresh balsam fir 
foliage. In addition, circular cone-shaped traps 
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Table 2.—Significance of mean difference between 
two consecutive years. 


| Mean difference | 
(1957 vs. 1958) 


X-y 


Standard error | 
| 

Instar | of mean | ¢ value* 
difference 


| 
| 
| 


Second.. 0.005 0.005 0.960 
Third. 014 008 1.764 
Fourth. 008 007 1.087 
Fifth... 003 003 952 
Sixth. 005 003 1.428 


“For 69 degrees of freedom, the minimum value of ¢ 
for significance at the p=0.05 level is 2.00; at the p= 
0 O1 level it is 2.66. 


(figure 2) were suspended just above the ground 
midway between the trunk and crown periphery 
of several balsam firs in a mixed spruce-fir-aspen 
stand, and a sample of the frass falling into the 
traps over a period of 1 hour was obtained at 
regular 4-day intervals. 

Finally, immediately following the frass collec- 
tion several branches were clipped from the trees 
under which the frass trap was suspended and all 
of the budworm larvae were removed from them. 
The instar of each larva was determined by 
measuring the head capsule. Several of these 
larvae from each instar were caged individually 
on fresh balsam fir foliage until each had ejected 
a few pellets of frass. 

All frass samples were air-dried and then 
measured with an ocular micrometer adjusted to 
a binocular microscope. Each pellet was meas- 
ured to the nearest unit on the micrometer scale. 


RESULTS 
In the first part of the analysis, only laboratory- 
reared specimens were used so that each frass 
pellet could be classified correctly as to instar. 
An attempt was made to correlate measurements 
of frass width, length, and volume with larval 
instars, but only the frass width showed any 
correlation. The statistics of frass-width meas- 

urements for each instar are given in table 1. 


Table 3.—Distribution of frass pellets and larvae by instar classes* 
(Percent) 


Second 


Frass pellets 
Larvae 
Frass pellets 
Larvae 
Frass pellets 
Larvae 
Frass pellets 
Larvae 


June 11... 
June 15... 
June 19... 


June 


Third 


Total 


Instar class 


Fourth Fifth Sixth 


36 é 100 
31 ¢ < 100 
13 ¢ 100 
14 4 é 100 
13 33 é 100 
9 29 i: 100 
7 20 ¢ 100 
11 15 100 


*Percentages based on a total of 30 frass pellets and 100 larvae for each date. 





Bean: 


Frass Size Indicator of Spruce Budworm Larval Instars 


Fic. 1.—xxamples of spruce budworm frass from each larval instar showing differences in widths 
A=second instar, B=third, C=fourth, D=fifth, and E=sixth 


These data show that frass width can serve 
as an index to larval instars. In practice each 
frass pellet should be air dried and then measured 
to obtain its mean width in millimeters. By 
reference to table 1 the larva that ejected the 
pellet may be classified as to instar. For example, 
a pellet with a mean width of 0.29 millimeter 
would have been ejected by a fourth-instar larva; 
a pellet measuring 0.72 millimeter would have 
come from a sixth-instar larva. However, should 
the mean width of the pellet fall outside of the 
range of one standard deviation from the means 
given in the table, that pellet should be discarded 
and its measurement not considered in the 
determination of larval instars. 

Data showing the significance of the mean dif- 
ference between two successive years are given in 
table 2 and will serve to illustrate the reliability 
of this method. 

One interesting observation made during the 
course of this study was that third- and fourth- 
instar larvae feeding on balsam fir pollen ejected 
frass pellets that were considerably larger than 
those from larvae of the same instars feeding on 


foliage. Only the frass from larvae feeding on 
foliage was used in table 1. On the average the 
pollen frass was 12 percent greater in width. 


DETERMINATION OF LARVAL INSTARS IN THE FIELD 


The preceding data have shown that frass width 
can be correlated with larval instars when the 
larvae are reared in the laboratory. To test this 
method with field data the measurements of frass 
samples collected in the field were subjected to a 
correlation analysis with the larval instars col- 
lected at the same time. The frass was identified 
as to instar by using table 1, and the estimated 
percentages of larvae within each instar were 
compared with the actual percentages in the 
larval collections (table 3). A Chi-square test 
showed that the differences were not significant 
(3 degrees of freedom at the 90-percent prob- 
ability level). These data were based on col- 
lections from only six trees, and possible variation 
between trees was not considered. 

Like most techniques. used in the study of 
insect populations, the frass-méasure method may 
be subject to certain errors. One is the retention 
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Fic. 2.—Traps used to catch frass. 


of frass pellets for a considerable period of time 
in the webbing of the early-instar larvae. An- 
other occurs when a number of pellets become 
lodged in the foliage. If the frass traps are left 
in place over a long period of time there is a 
possibility that this old frass may be dislodged 
and fall into the traps. Such pellets would 
cause a considerable error in the determination 
of the larval instars present at the time. 


OBLIGATORY AND FACULTATIVE INSECTS IN 
ROSE HIPS, by W. V. Batpur. Illinois Biological 
Monographs, vol. 26. vit+194 pages, 53 figures. 
University of Illinois Press, Urbana, IIl., 1959. 
Price, paperbound $3.50, clothbound $4.50. 

This is an account of a 30-odd year research project 
which began, .2s do so many, in casual observations. 
Dr. Balduf first became interested in the phenology of 
Rhynchites bicolor, the rose curculio, on cultivated roses 
growing on the University of Illinois campus. This 
soon led to the realization that there are several insects 
associated with rose hips. Finally, what started as 
only incidental observations of one insect developed 
into a comprehensive study of the entire complex of 30 
species, phytophagous, predaceous, and parasitic, which 
comprise the microcommunity centered around rose hips. 
He studied specimens reared or dissected from hips of 32 
species and varieties of roses. The rose hip material 
came mostly from Minnesota, Wisconsin, and Illinois, 
but he also secured rose hips for study from the area from 
Alaska, the Prairie Provinces, Ontario, and Maine in 
the north, south to California, Mississippi, and North 
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Carolina. He reared nearly 14,000 adult specimens from 
rose hips, and he dissected additional thousands of 
larvae from them. These larvae were themselves dis- 
sected to get the immature stages of their endoparasites. 

The bulk of the pages in this volume are devoted to 
careful, detailed studies of the habits and life histories 
of the individual members of the rose-hip complex. Dr. 
Balduf secured for study and description the eggs, larvae, 
and adults of almost all the species he encountered. 
Along with the accounts of these, a thorough coverage 
of the existing literature, if any, about them is given. 
Needless to say, almost all the information given in this 
study is new. Many of the insect parasites which he 
found had to be described before names for them were 
available for use in this book. 

This volume includes a comprehensive bibliography 
and excellent drawings of the adults and immature stages 
of most of the insects treated. The drawings are the 
work of Donald Van Horn. 

B. D. Burks, 
Entomology Research Division, 
U. S. Department of Agriculture 





THE INTERRELATIONSHIPS OF HYPERA BRUNNEIPENNIS (COLEOPTERA: 
CURCULIONIDAE) AND BATHYPLECTES CURCULIONIS (HYMENOPTERA: 
ICHNEUMONIDAE) IN SOUTHERN CALIFORNIA' 
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DIETRICK 


University of California Citrus Experiment Station, Riverside 


ABSTRACT 


Hypera brunneipennis, the Egyptian alfalfa weevil, is 
now found in southern California in three of the four 
major alfalfa-producing valleys of the California desert 
and over much of the south coastal plain. It is attacked 
in these areas by a Palaearctic ichneumonid, Bathyplectes 
curculionis, which was originally colonized on this weevil 
at Yuma, Arizona, and apparently has spread with it in 
bales of alfalfa hay transported to market, and by 
natural means. The parasite destroys about one-third 
of the weevil population annually in the coastal areas, 
but is of little significance in the desert valleys. Partial 
immunity, effected through the lethal action of the 
weevil blood on the parasite’s eggs, prevents parasitism 


Since its accidental introduction into the United 
States near Yuma (Arizona) about 20 years ago 
(Wherle 1939, 1940), the Egyptian alfalfa weevil, 
Hypera brunneipennis (Boheman), has spread into 
the Imperial and Coachella valleys and the 
coastal plain of southern California (Armitage 
1949, 1950; Reynolds et al. 1955). In its spread 
through southern California, H. brunneipennis has 
been accompanied by the parasite Bathyplectes 
curculionis (Thomson), which is now essentially 
coextensive with the weevil (van den Bosch 1953; 
Dietrick and van den Bosch 1953). 

Bathyplectes curculionis, a Palearctic parasite 
species originally imported into the United 
States in the campaign against the alfalfa weevil, 
Hypera postica (Gyllenhal), (Chamberlain 1926), 
has been reported as being of considerable im- 
portance in the biological control of H. postica in 
the Great Basin area of the United States and 
in parts of northern California (Hamlin et al. 
1949; Michelbacher 1940, 1943). 

Bathyplectes curculionis material obtained from 
the Salt Lake area in Utah was originally colo- 
nized on Hypera brunneipennis at Yuma, Arizona, 
in 1942 (McDuffie 1945). However, the parasite 
was not recovered until 1950, when it was col- 
lected at Chula Vista, San Diego County, Cali- 
fornia, almost 200 miles west of Yuma (van den 
Bosch 1953). Subsequent surveys in the Yuma 
area showed B. curculionis to be established there 
as well as in the Imperial Valley, and it is now 
assumed that the parasite spread from Yuma to 
the Imperial Valley and, eventually, to the 
coastal plain (Dietrick and van den Bosch 1953). 

Preliminary studies by van den Bosch (1953) 
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by B. curculionis from reaching significantly higher 
proportions. The parasites originally colonized were 
obtained from a related alfalfa weevil, Hypera postica, 
and the partial immunity of H. brunneipennis indicates 
that the strain of B. curculionis found in southern Cali- 
fornia is not fully adapted to the latter host. Individual 
larvae of H. brunneipennis appear to have limited ability 
to inactivate eggs of this parasite, so that in super- 
parasitized larvae one or more of the supernumerary 
eggs may escape encapsulation. It is anticipated that 
a fully adapted strain of B. curculionis will be sought 
from H. brunneipennis in the Near East. 


and by Dietrick and van den Bosch (1953) indi- 
cated that Bathyplectes curculionis might be of 
considerable importance as a parasite of Hypera 
brunneipennis in certain areas of southern Cali- 
fornia. These investigations prompted the au- 
thors to undertake a more thorough evaluation 
of the relationship over the entire climatic range 
of the weevil in California. The current paper 
summarizes the results of a study conducted 
principally in 1954 and 1955 


METHODS 

Field Sampling.—Because of the wide range of 
climatic conditions under which Hypera brunnei- 
pennis and Bathyplectes curculionis are found in 
southern California, it was initially decided that 
a study of population trends should be made in 
each of the major climatic zones inhabited by the 
weevil. Surveys were accordingly initiated in 
1954: (1) in the Imperial and Bard valleys of the 
California desert areas; (2) in the Escondido area 
of San Diego County, about 25 miles inland from 
the coast; and (3) at Del Mar, on the coast. 

In each area survey fields were selected to be 
sampled at 1- to 2-week intervals throughout the 
weevil season, a variable number of fields being 
sampled in each area on each survey date. Be- 
cause of the periodic mowing of the alfalfa it was 
not always possible to visit the same fields on 
each survey date, and alternate fields had to be 
sampled on occasion. For the sampling the 
standard University of California sweeping net 
was used (handle, 26 inches long; hoop, 14 
inches in diameter; cloth bag, 24 inches deep) in 
sweeping arcs of 180 degrees. Fields were swept 
from the time the alfalfa reached a height of 
about 6 inches until cutting time. In order to 
adjust to seasonal variation in weevil abundance, 
a sliding number of sweeps was used. Thus, in 
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Table 1.—Effect of larval size on parasitization of Hypera brunneipennis (Boheman) by Bathyplectes curculionis 
(Thomson), as determined by dissection of larvae collected in alfalfa fields near Del Mar, California, in 1955.* 


Small 


Date No. 


para- 


Percent | 
para- | No. dis- | 
sected 


No. dis- | 


sected 


sitized | sitized 


Jan. 26 59.1 13 
ee 47.8 —- 
Feb. 18.. 44.8 37 
Mar. 3 57 37 
Mar. 15 36 100 
Mar. 28 50 50 50 
Apr. 6. 96 96 100 
Apr. 20.. 35 97 35 
May 3. é 24 96 14 


Larval size category 


Medium Large 
Percent 
para- 
sitized 


No. 
para- 
sitized 


No. 
para- 
sitized 


Percent | 
para- | No. dis- 
sitized | sected | 


50.0 


23.1 6 
59.5 : 33 
78.4 ‘ 2 62.6 
33.0 5 5 
50.0 0 0 
77.0 29 58 
94.3 21 84 
100.0 14 12 85.7 


*Phagocytosed and healthy eggs, as well as larvae, were used in determination of parasitization. 


the early season when weevil larvae were scarce, as 
many as 200 sweeps per field were sometimes 
necessary merely to detect the presence of the 
weevils, while at the peak of the season the 
number of sweeps was at times reduced to five 
per field, as any higher number resulted in 
samples so large as to be almost impossible to 
count. 

Sweeping was started at least two irrigation 
borders (50 to 100 feet) in from a field edge, and 
sweeps were taken well into the field. Where 
10 or more sweeps were taken, they were made in 
pairs, but where 5 were taken, only a single sweep 
was made at any point, each sweep being about 50 
to 100 feet beyond its predecessor. Counts were 
made at the time of sampling, adults of the rather 
sluggish Bathyplectes curculionis being recorded 
as they crawled up out of the net, and adults and 
larvae of Hypera brunneipennis being counted in a 
metal pan into which the sweepings were emptied. 

Determination of Parasitization—Initially, in 
determining parasitization rates, aliquots of fully 
mature weevil larvae taken from the sample 
sweepings were held on alfalfa bouquets in half- 
pint ice-cream cartons, and parasitization was 
based on the numbers of emerging Hypera and 
Bathyplectes adults (Michelbacher 1940). This 
method was not fully satisfactory, however, be- 
cause of erratic survival of larvae in the cartons, 
and it was decided in 1955 that parasitization 
should be determined by larval dissections, the 
method used by Hamlin et al. (1949) with 
Hypera postica. Aliquots of larvae were taken 
from the sweepings and divided into three size 
categories: small (1 to 4 mm.), medium (4, to 7 
mm.), and large (7 mm. and longer). Dissec- 
tions were made under a binocular microscope, 
the specimen being examined in water in a 
depression slide. Weevil larvae containing either 
eggs or larvae of Bathyplectes were recorded as 


parasitized. Population trends of weevils and 
rates of parasitization were derived from the 
aggregate totals obtained from the several fields 
in each study area. 


TRENDS IN WEEVIL POPULATION 
AND PARASITIZATION 


Population trends of Hypera brunneipennis 
larvae and trends in parasitization of the larvae 
by Bathyplectes curculionis at Bard, El Centro, 
Escondido, and Del Mar during 1954 and 1955 
are shown in figures 1 and 2. The 1955 trends 
at Bard and El Centro are not shown in figure 2 
because the weevil populations were apparently 
so drastically affected by the widespread chemical 
control program directed against the spotted 
alfalfa aphid, Therioaphis maculata (Buckton), 
that they never reached their full potential. 

Annual Cycle of the Weevil Hypera brunnei- 
pennis.—From the curves for both years (figs. 1 
and 2), it can be seen that in all areas the weevil 
has but a single generation each season. This 
substantiates the findings of Reynolds et al. 
(1955). Egg laying is carried out over a pro- 
tracted period, probably from December to early 
February. Larvae which are first encountered in 
late January, reach peak abundance in late 
February and March and are essentially gone 
from the fields by mid-May. However, the lar- 
val cycle is somewhat shortened in the warm 
desert valleys. Most of the weevil adults pro- 
duced during this single generation leave the 
alfalfa fields in late spring and aestivate under 
the bark of trees or in other protected places at 
the field edges. Here they remain until late in 
the year (November, December), when they 
return to the alfalfa fields. 

Annual Cycle of the Parasite Bathyplectes cur- 
culionis.—Bathyplectes curculionis successfully at- 
tacks Hypera larvae of all instars. The data 
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Fic. 1.—Larval populations of the weevil Hypera brunneipennis in alfalfa fields in southern California in 1954, 
and parasitization of the larvae by Bathyplectes curculionis (on the basis of numbers of parasites reared from last- 
instar weevil larvae) near Bard; near El Centro; near Del Mar; and near Escondido. 


gathered by Hamlin et al. (1949) show pro- 
gressively higher parasitization through the three 
larval instars of H. postica. The data gathered 
in the present study (table 1) do not reflect this 
progressive increase in parasitization and indi- 
cate that the smaller larvae of H. brunneipennis 
are either preferred by the parasite or are more 
susceptible to attack. 

Bathyplectes curculionis does not pupate until 
after the host larva has spun its cocoon. The 
parasite then emerges from the host and forms a 
cocoon within the weevil cocoon. The parasite 
cocoon is brownish in color with a pale band 
around the middle. 8B. curculionis completes two 
generations during the single host generation. 
This is reflected by the bimodal nature of the 
parasitization curves (fig. 1). The summer, fall, 
and early winter are passed by the parasite as a 
mature larva in diapause within its own cocoon, 
which remains in the ground litter in the fields 
(Chamberlain 1926). 

Adult parasites begin to emerge from diapause 
cocoons in early January and continue to do so 


for about 6 weeks. These first-flight adults pro- 
duce considerable parasitization in the relatively 
small numbers of weevil larvae in the fields before 
mid-February (table 1). When the first flight of 
the parasite has been completed, the weevil larval 
population begins a rapid upsurge. Adult para- 
sites of the second flight begin to appear about the 
same time, but do not become abundant until 
mid-March, reaching peak numbers in late 
March and April (fig. 2). By this time most of 
the weevil larvae have pupated, and the attack 
of the parasite is concentrated on the relatively 
few remaining larvae, which are parasitized 
very heavily. The second-generation cocoons 
of Bathyplectes curculionis are predominantly 
diapause type and remain in the alfalfa fields 
throughout the summer, fall, and early winter. 
RELATIVE IMPORTANCE OF THE PARASITE 
IN THE FOUR STUDY AREAS 

As can be seen from the curves (fig. 1), para- 
sitization of the weevil at both Del Mar and 
Escondido in 1954 reached considerably higher 
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-Data from dissected parasitized larvae of Hypera brunneipennis collected in alfalfa fields at Escondido 


and Del Mar, California, in 1955, showing effect of superparasitism on 
immunity of weevil to parasite (last column). 


Total Larvae with no 
parasitized 
larvae in 
sample 


No. of parasites 
per larva 


No. 


Percent 


973 
270 
79 
28 


710 
126 
35 


1] 


73.0 
46.7 
44.3 
39.3 


proportions than it did at Bard and El Centro. 
Limited data obtained at El Centro in 1955 
again showed a low incidence of parasitization 
there. The reasons for this difference in abun- 
dance of the parasite in the desert and in the more 
coastal areas are not known. However, the in- 
tense heat in the alfalfa stubble during the sum- 
mer in the desert area, where air temperatures at 
times exceed 120° F., probably causes considerable 
mortality in the aestivating parasites. Further- 
more, the absence of an extensive, undisturbed, 
wild host-plant reservoir in the desert also prob- 
ably restricts build-up and survival of Bathyplectes 
curculionis in this area. 


PARTIAL IMMUNITY OF WEEVIL TO PARASITE 


With the adoption of dissection as the basis for 
determining parasitization, the writers encoun- 
tered a very important factor in the Hypera 
brunneipennis-Bathyplectes curculionis relation- 
ship, namely, deactivation of a substantial per- 
centage of the Bathyplectes eggs by the blood of 
H. brunneipennis. Immunity of insects to para- 
site attack is not uncommon, and has been 
reported in a number of host-parasite relationships 
(Bess 1939: Muldrew 1953: Puttler and van den 
Bosch 1959). As in many of these cases, the 


phagocytosed eggs | phagocytosed eggs 


Larvae with only 
part of eggs | Larvae with all 
phagocytosed | eggs phagocytosed 


: 
| Percent | No. 
| | 


Larvae with 


Percent No. Percent 


No. 


263 263 27.0 
144 
44 


17 


27. — 
53 78 66 24.4 
55 28 16 20.3 
60 15 5 2 aon 


phenomenon of phagocytosis was associated with 
immunity in the B. curculionis-H. brunneipennis 
relationship (figs. 2-4). 

The role of phagocytes in the deactivation of 
parasite eggs has been the subject of considerable 
discussion and speculation in the past, some 
workers believing them to be directly responsible 
for deterioration of the parasite embryo, and 
others believing them to be secondary to other 
immunization processes (Bess 1939). No attempt 
was made in the current study to shed light on 
either of these contentions, and it cannot be said 
with complete certainty at this time whether or 
not phagocytosis of Bathyplectes curculionis eggs 
by Hypera brunneipennis is directly responsible 
for their deactivation. However, in all cases 
phagocytes were associated with the immunized 
eggs, and completely encapsulated eggs were 
invariably found to be nonviable (fig. 3). 

Seasonal trends in immunization of eggs of 
Bathyplectes are presented for the Del Mar and 
Escondido areas in 1955 (fig. 2). From these 
curves it can be seen that in both localities the 
potential effectiveness of the parasite was sub- 
stantially reduced through the deactivation of its 
eggs by the blood of the weevil host. Thus, at 
Del Mar on March 3, when 57 percent of the 


Table 3.—Data from dissected larvae of Hypera brunneipennis parasitized in the laboratory in 1958, showing 
the effect of superparasitism on immunity of weevil to parasite (last column). 


Total 

parasitized 

No. of parasites | Larvae in 
per larva sample 


| 
Larvae with no 


No. ent 


37 54.4 
23 35.9 
17 5 
6 3 
4 6 
2 4 
2 0 
) 0 


0 
4 


| phagocytosed eggs | phagocytosed eggs 


| : | 
| Larvae with only | 
y | 
Larvae with art of eggs 
£8 
phagocytosed 


Larvae with all 
eggs phagocytosed 


No. Percent Percent 


daceeonall No. | 


| 
| No. | 


45 .6 
64 

60 13 
72 12 18.2 
10 71 8 14.3 
11 84.6 10 on 
2 50.0 2 0.0 
2 100.0 2 0.0 
0.0 
0.0 


45.6 
39.1 
30.25 


31 
41 
26 
16 


16 


1 100.0 
2 28 .6 
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Phagocytosis of eggs of Bathyplectes curculionis, in small larvae of Hypera brunneipennis at Del Mar, and 
at Escondido, California, 1955. (Degree of phagocytosis reflected by cross-hatched areas.) 
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dissected weevils in the small-size category con- 
tained parasites, only 42 percent of this para- 
sitization was effective. On March 16, the 
figures were 36 percent total, versus 21 percent 
effective parasitization; on March 28, 50 percent 
total, versus 26 percent effective parasitization; 
and on April 6, 96 percent total, versus 78 percent 
effective parasitization. The figures at Escondido 
reflect essentially similar differentials. 

The total loss of eggs to immunization over the 
season is calculated to have been approximately 
42 percent at Del Mar and 35 percent at 
Escondido. It is questionable whether the totals 
for the two areas are significantly different. The 
important factor is that in both areas somewhat 
more than one-third of the parasitic potential of 
Bathyplectes curculionis was lost to host immunity 
during the season. Essentially similar rates of 
phagocytosis were obtained in limited dissections 
made in 1956. 

Close scrutiny of the 1955 curves (fig. 2) reveals 
a definite variation in degree of immunity over 
the season. From these curves it can be seen 
that in the early part of the season the degree of 
immunity was relatively low, but as the weevil 
larvae reached peak abundance immunity in- 
creased and then decreased again late in the 
season. This fluctuation in immunity appears 
to have been correlated with the amount of 
superparasitism occurring in the weevil popula- 
tion, which in turn indicates that the individual! 
weevil larva has limited ability to deactivate eggs 
of Bathyplectes curculionis. 

Trends in superparasitism and degree of im- 
munity at Escondido are presented in figure 4. 
Apparently, in this locality in the early season the 
low weevil larval population was attacked by 
concentrated numbers of the first flight of 
Bathyplectes curculionis, and as a result, super- 
parasitism was relatively common. The super- 
numerary parasite eggs apparently taxed the 
phagocytosing capacity of the larvae, and a con- 
siderable proportion of those containing more 
than one egg were successfully parasitized. _How- 
ever, as the first flight of the parasite waned and 
weevil larvae increased in abundance, super- 
parasitism decreased and there was a correspond- 
ing increase in larval immunity to B. curculionis. 
Figure 4 shows that the greatest immunity of 
Hypera brunneipennis to the parasite occurred 
during this period when there was approximately 
one egg per parasitized host. Finally, as the 
second flight of parasites concentrated its attack 
on the declining larval population, superparasitism 
increased and the amount of immunity decreased 
rapidly. 

The effect of superparasitism on immunity of 
larvae to parasite is further illustrated by the 
data in tables 2 and 3, in which information ob- 
tained from dissected larvae in 1955 and 1958 is 
summarized. The 1955 data were obtained from 
larvae collected in the field at Escondido and 
Del Mar; the 1958 data were obtained from 
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larvae parasitized in the laboratory. Tables 2 
and 3 both show that the degree of total im- 
munity (complete phagocytosis) decreased in 
direct relationship to the number of parasite eggs 
per host. 

It will also be noted in both tables that there 
is a sharp difference in the percentage of larvae 
containing fully phagocytosed eggs in the non- 
superparasitized category as compared to those 
in the superparasitized group. This discrepancy 
is apparently related to the greater proportion 
of partially encapsulated eggs that were found in 
the singly parasitized category. This appears to 
have been a function of time of exposure of eggs 
to phagocytic action. Evidently the initially 
deposited eggs in the superparasitized group had, 
on the average, been exposed longer to phagocytic 
action at the time of dissection than the singly 
deposited eggs and therefore were fully phagocy- 
tosed to a geater extent. 


DISCUSSION AND CONCLUSIONS 


Data gathered in this investigation show that 
the Egyptian alfaifa weevil, Hypera brunnei- 
pennis, is attacked by the hymenopterous parasite 
Bathyplectes curculionis in a variety of climatic 
regions in southern California. B. curculionis 
parasitizes only a very small percentage of the 
weevil population in the hot valleys of the 
Colorado Desert but does destroy about one- 
third of the larvae in the coastal areas. This 
amount of parasitization is probably of some 
significance in the lessening of the weevil prob- 
lem, especially in light of the high economic 
threshold and borderline economic status of H. 
brunneipennis. However, the parasite is_pre- 
vented from destroying a substantially higher 
proportion of the larval population because of the 
partial immunity of the weevil to it. Immunity 
is effected through the lethal action of the weevil 
blood on the parasite eggs. 

The partial immunity of Hypera brunneipennis 
to Bathylplectes curculionis indicates that a strain 
of the parasite is involved which is not fully 
adapted to H. brunneipennis. This possibility is 
strengthened by the fact that the original stocks 
of B. curculionis used for colonization at Yuma, 
Arizona, were obtained from Utah, where this 
Palearctic species had been successfully estab- 
lished on H. postica. Immunity to B. curculionis 
does not appear to occur in H. postica. This is 
implied in the report of Hamlin et al. (1949), who 
make no mention of the phenomenon in their dis- 
cussion of three years’ dissection of many 
thousands of parasitized H. postica 

This relationship was examined directly by the 


~ authors of the current paper, who dissected larvae 


of Hypera postica collected at Tracy, California, 
on March 24, 1955. In this instance 300 small 
larvae of H. postica were dissected and 117 of 
these were found to contain eggs or larvae of 
Bathyplectes curculionis. Among the 117 para- 
sitized weevil larvae, only a single individual was 
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Fic. 3.—Partially phagocytosed egg (A) and completely encapsulated and melanized egg (B) of the parasite 
Bathyplectes curcuhionis dissected from larvae of the weevil Hypera brunneipennis. (Photomicrographs by I. M. 
Newell.) 
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Trends in number of eggs per parasitized weevil larva and in degree of parasite egg 


deactivation at Escondido, California, 1955. 


found to contain a B. curculionis egg that ap- 
peared to have been attacked by phagocytes. 
Actually, this egg was turgid and contained an 
apparently healthy embryo. 

Though limited in scope, these dissections tend 
to support the conclusion that Hypera postica 
has essentially no humeral defense mechanism to 
resist attack by Bathyplectes curculionis. 

On the basis of the evidence discussed above, 
Bathyplectes curculionis may well be composed of 
biologically distinct strains which are adapted to 
at least two, and possibly several, closely allied 
species in the curculionid genus Hypera. Since 
the “strain” of B. curculionis now present in 
southern California does not appear to be fully 
adapted to H. brunneipennis, the introduction of 
an adapted strain into the area is being considered. 
A survey conducted by the senior author in the 
lowlands of Iraq in 1956 resulted in the recovery 
of B. curculionis, as well as other parasites, from 
what is believed to have been H. brunneipennis. 
Since both the weevil and its parasite are pre- 
sumed to be indigenous to the Middle East, an 
attempt will be made in the future to introduce 
B. curculionis from this area into California in 
the hope that it might be fully adapted to H. 
brunnei pennis. 
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STUDIES ON INDIAN CULICOIDES (CERATOPOGONIDAE: 


PURNENDU SEN anb S. 
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K. DAS GUPTA 


School of Tropical Medicine, Calcutta, India 


ABSTRACT 


The 12 species described as new bring the Indian 
Culicoides fauna to a total of 31 species and one variety. 
The authors describe fully all species known to them in 
nature, and comment on the salient characters of those 


This communication deals with the systematics 
of the Indian Culicoides. The study was made 
possible with financial assistance from the Indian 
Council of Medical Research. With this aid the 
junior author undertook a survey, in April 1955, 
of the Culicoides fauna in areas mostly in and 
around Calcutta and from outlying districts 
within the State of West Bengal. The collections, 
all made either in light trans or in sticky traps, 
have steadily grown in size in the last 3 years. 
Other coilections have also been utilized, but the 
type specimens of earlier authors, particularly 
those of Kieffer, who deposited them in the 
Indian Museum, could not be traced for com- 
parison. Thus their species have been identified 
and placed in the keys largely on the basis of 
their descriptions. 

We are able to report from India 32 species and 
1 variety, of which 20 are from our own collec- 
tion, and to offer keys for their identification. 
Twelve species are here described as new, and one 
previously described species is removed to an- 
other genus. Our list of species may not be 
final, as we feel that more will probably be dis- 
covered with further extensive surveys in other 
areas of the Indian region. However, such addi- 
tional species, when found, will not materially 
affect the structure of the keys now offered. 

The terminology of the veins and other charac- 
ters of the wings has been taken largely from 
Wirth (1952), and that of the male genitalia from 
Edwards (1939). The types of the new species 
described here are deposited in the collection of 
the Zoological Survey of India in Calcutta. 

The authors are grateful to Doctors B. C. 
Basu and S. M. Ghosh for their supervision of the 
investigation from April 1955 to July 1956. 

Abbreviations used in our descriptions include 
the following: AD, aedeagus; AP, apico-lateral 
process of ninth tergite; Cell A, anal cell; CX, 
coxite; P, paramere; R, radius; RC, radial cell; 
RC), first radial cell; RCs, second radial cell; 
SL, style; ST, sternite; T, tergite; VR, ventral 
root. All other abbreviations are those em- 
ployed by Wirth (1952). 

Our drawings of dorsal patterns (figs. 11, 14, 


ISubmitted through Willis M. Wirth. Accepted for 
publication February 14, 1959. 
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Their key to males 
27 species and one 


- 


they know only from the literature. 
includes 21 species; that to females, 
variety. Dorsal pattern, wings, spermathecae, and male 
genitalia of numerous species are illustrated. 
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15, 20 , 29, 40, 45, and 57) are diagrammatic. 
All other illustrations are camera-lucida drawings. 
As reproduced here, their approximate magnifica- 
tions are as follows: wings, X60; spermathecae 
(with one exception) and male genitalia, 230; 
figure 24 only, 435. 


1 Culicoides kamrupi, new name 
Culicoides albipennis Smith and Swaminath 1932: 184, P1., 

figs. 4-6, 10. 

Described (females only) from Assam; no sub- 
sequent record known. Macfie (1937: 115) states 
that albipennis is preoccupied in Culicoides by 
albipennis Kieffer (1919: 32), so we propose here 
the new name kamrupi, based on the legendary 
name of Assam where the species was originally 
collected. 

Body light-colored; dorsum silvery gray with 
rows of dark marks; wings unmarked, hyaline; 
spermathecae three, almost globular aud unequal, 
ducts unsclerotized at commencement. 

2. Culicoides himalayae Kieffer 
Culicoides himalayae Kieffer 1911: 326; Annandale 1913: 

246; Mukerji 1931: 1052, pl. 56, fig. 12. 

Originally recorded from Kurseong, Eastern 
Himalaya, both sexes; since recorded from Kali- 
ponni, Nepal-Sikkim frontier, at 9,000-foot 
altitude. 

Body black and smooth; wings hyaline except 
for three irregular, transverse, smoky patches as 
follows: one at anterior border extending to 
extremity of Cu, and sending two strips along the 
branches of vein M, one covering vein R4,; and 
extending up to extremity of Cu, and one 
restricted toward apical region of wing; halteres 
white. 


3. Culicoides alatus DasGupta and Ghosh 
Culicoides alatus DasGupta and Ghosh 1956b: 162. 

Recorded from Calcutta, 24-Parganas, Howrah, 
Birbhum, and Midnapore districts; both sexes 
Female Male 

L.S 1.6 

0.97 0.33 

0.4 0.23 


Dorsum (fig. 11) spotted with 
olive-gray background; post- 


Length of body. 
Length of wing 
Breadth of wing 
Body blackish. 


dark stripes on 
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scutellum darker than scutellum and pleura. 
Eyes separated, bare, surrounded by dark shade. 
Antenna with flagellar segments in proportion 
10:6:6:6:6:6:7:7:9:10:10:11:16 in females, 15:7:6: 
6:6:6:6:6:8: 15:15:21 in males, distal sensory tufts 
present on segments 3, 7-10 in females, and on 
3, 10, 11 in males. Palpal segments in proportion 
3:10:11:4:6 in females, 3:8:10:4:5 in males, third 
segment swollen, with a shallow sensory pit; pal- 
pus ratio 2.0 (1.5-2.5, n=6). Galea with 14 
(12-16, n=6) teeth of same size; mandible with 
12 (10-15, n=10) teeth. Wing (fig. 1) gray, with 
R complete and with no RC; well-defined hyaline 
spots as follows: at base (very extensive, often 
including areas of R—M and cell A, sometimes 
divided into three or more spots), beyond R 
(small, circular), at middle of cell R; (usually 
bilobed but may be completely divided), at base 
of cell M, (smaller), three in cell Me, one at cell 
M344, and at cell A. Macrotrichia fairly distrib- 
uted on distal two-thirds of wing, some in 
rows along vein R and above or below veins Mj, 
Me, Mais, and Cu, others scattered in cells R;, 
My, Me, Mss4, and A close to margins; in males, a 
row each on vein R, distal part of veins M; and 
Mz, also a few scattered in cell R;. Halteres with 
stem and one-third of knob blackish, otherwise 
dull white. Legs dark brown, with proximal half 
of femur pale, hind femur entirely dark, front and 
middle femora with subbasal, narrow, pale bands; 
front tibia with subapical pale spots, middle tibia 
wholly pale, hind tibia with white subbasal and 
subapical pale areas; hind tibial comb with four 
(n=20) spines, the one next to the spur longest. 
Abdomen dark; spermathecae (fig. 5) three, two 
nearly equal and subglobular, the third rudi- 
mentary (0.07 x 0.06, 0.06 x 0.05, and 0.03 x 0.01, 
respectively); ducts unsclerotized at commence- 
ment. Male hypopygium (fig. 4) with ST ex- 
cavated in middle; T superficially notched at 
middle; AP finger-like, outwardly directed, and 
bearing a short spine; VR unbranched. and blunt; 
SL slightly curved inward, broad at base, and 
with blunt tip beset with spines; AD with saddle- 
shaped stem; P broad at base, characteristically 
curved and tapering toward tip which bears 
spines. 
Holotype. 
September 1955 (light trap). 
in spirit, same data as type. 


Female, DumDum (24-Parganas), 
Paratypes.—Many, 


t. Culicoides similis Carter, Ingram, and Macfie 
Culicoides similis Carter, Ingram, and Macfie 1920: 255, 
pl. 8, figs. 22, 23; Smith and Swaminath 1932: 183; 
Causey 1938: 404, figs. 6 and 24 (pls. 2 and 8); Buckley 

1938: 135. 

Originally described from Gold Coast, Africa; 
since recorded from Assam, Malaya, and Thai- 
land; now reported from Calcutta, 24-Parganas, 
Howrah, Birbhum, and Midnapore districts of 
West Bengal, India; both sexes. 
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Female Male 
Lo 12 
0.91 0.78 
0.36 0.29 


Eyes separated, bare. Antenna with flagellar 
segments in proportion 10:6:6:6:6:6:6:6:9:11:13: 
13:21 in females, 17:7:6:6:6:6:6:5:5:5:19:14:19 in 
males; distal sensory tufts present on segments 3, 
5, 7-10 in female, and on 3, 8, 10-12 in males. 
Palpal segments in proportion 3:8:14:4:6 in fe- 
males, 3:6:8:3:6 in males; third segment swollen 
and with a shallow sensory pit; palpus ratio 0.75 
(0.5-1.0, n=4). Galea with 19 (19-21, n=6) 
teeth, basal ones slightly bigger; mandible with 
8 (8-10, n=3) teeth. In the specimens before 
us, stripes between the median and lateral ones in 
the basal half of dorsum are absent (fig. 14). 
Wing (fig. 2) gray, with hyaline spots at base, in 
RC,, outside of RCs, at middle and tip of cell Rs, 
two in cell Mj, at tip of cell Me, at cell M344, 
above fork of Cu, and three in cell A; macro- 
trichia numerous, distributed in rows on vein R 
and its branches, M;, Me, M344, and Cu, also 
above and below veins M,; and Ms, but only 
above vein M3.4; wings of male with similar 
pattern but fewer macrotrichia. Halteres yel- 
lowish; narrow gray area in stem not discernible. 
Legs brown, with pale bands subapical on femora, 
subbasal on tibiae, middle tibiae also showing 
pale subapical band; hind tibial comb with four 
(n=4) spines, the one next to the spur longest. 
Abdomen dark brown. Spermathecae (fig. 6) 
two, ovoid and equal, the third rudimentary, 
0.03 x 0.009 (not mentioned in original descrip- 
tion); duct leading from spermathecae sclerotized 
for a long distance from commencement. Male 
hypopygium (fig. 7): ST with shallow depression; 
T with flat posterior margin; AP with minute 
spine at tip; VR bifid, with posterior end pointed; 
SL nearly straight, with slight bend at tip; AD 
long, with filiform distal part; P stout, with tip 
sharply bent, bulging above base, and with 6 to 
9 serrations. 


Length of body...... 
Length of wing 
Breadth of wing 


5. Culicoides distinctus, new species 
Known from DumDum (24-Parganas); both 
sexes collected in light traps. 
Female 
Length of body...... 1.1 
Length of wing 0.88 0.74 
Breadth of wing 0.36 0.3 


Small, dark brown. Eyes separated, bare. 


Antenna with flagellar segments in proportion 
12:6:6:6:6:6:6:7:10:10:11:11:17 in females, 15:6: 


Male 
0.95 


tufts present on segments 3, 7-10 in females, on 
3, 9-12 in males. Palpus segments in proportion 
3:11:12:4:6 in females, 3:7:8:4:6 in males, third 
segment distinctly swollen and with a deep sen- 
sory pit; palpal ratio 1.5 (1.2-1.7, n=3). Galea 
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EXPLANATION OF PLATE | 


Fic. 1.—Wing of Culicoides alatus, 9. Fic. 2.—Wing of C. similis, 9. Fic. 3.—Wing of C. distinctus, 9. 
Fic. 4.—Male genitalia of C. alatus. Fig. 5.—Spermathecae of C. alatus. Fig. 6.—Spermathecae of C. similis. 
Fic. 7.—Male genitalia of C. similis. Fic. 8.—Spermathecae of C. distinctus. Fic. 9.—Male genitalia of C. dis- 
tinctus. F1G. 10.—Spermathecae of C. clavipalpis. Fic. 11.—Dorsal pattern of C. alatus, 2. Fic. 12.—Wing of 
C. magnificus, 9. feo. 13.—Male genitalia of C. clavipalpis. Fic. 14.—Dorsal pattern of C. similis, 9. Fic. 
15.—Dorsal pattern of C. magnificus, 9. Fic. 16.—Male genitalia of C. candidus. Fic. 17.—Wing of C. clavipalpis, 
9. Fic. 18.—Wing of C. candidus, 2. Fic. 19.—Spermathecae of C. candidus. 
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with 14 (13-16, n=3) teeth, gradually increasing 
from base to apex; mandible with 9 (8-11, n=3) 
teeth. Wing (fig. 3) resembling that of C. clavi- 
palpis in shade, but differing in distribution of 
hyaline spots, with one spot each in cells M; and 
M2; macrotrichia as in clavipalpis. Halteres yel- 
lowish. Legs dark brown, with narrow pale 
subapical and subbasal bands on tibiae and wide 
subapical pale areas on femora; hind tibial comb 
with four spines, the one next to the spur longest. 
Spermathecae (fig. 8) three, one rudimentary 
(0.04 x 0.013), the other two ovoid and nearly 
equal (0.083 x 0.066); principal spermathecal 
ducts sclerotized for a long distance from com- 
mencement. Male hypopygium (fig. 9): ST 
with a shallow depression; T slightly notched in 
middle; AP of moderate size, with a minute spine 
at tip; CX and SL like those of C. clavipalpis; 
AD broad and parallel-sided, with flat tip having 
two lance-shaped projections at base; P bent as 
in clavipalpis, but with five serrations of palmate 
type. 

Holotype—Female, DumDum, August 1957. 
Paratypes—Female and male, one each, same 
data as type. 


6. Culicoides candidus, new species 
Known from DumDum (24-Parganas) and 
Thakurpukur (24-Paraganas); both sexes col- 
lected from light traps. 
Male 
0.9 
0.59 


Female 
1.01 
0.77 
0.33 0.24 
Small, with dark brown dorsum. Eyes con- 

tiguous, bare. Antennae with flagellar segments 

in proportion 8:5:5:6:6:6:7:7:11:11:11:12:15 in 
females, 14:6:5:5:6:4:4:3:2:3:14:11:15 in males; 

distal sensory tufts present on segments 3, 8-10 

in female, and on 3, 10-12 in male. Palpus seg- 

ments in proportion 3:7:10:3:4 in female, 3:3:7:3:4 
in male; third segment distinctly swollen, and 
with a deep sensory pit; palpal ratio 2.0 (1.7-2.2, 
n=5). Galea with 17 (16-18, n=4) teeth of 
same size; mandible with 12 (11-16, n=5) teeth. 

Wings (fig. 18) deep gray; hyaline spots sharply 

defined, as follows: at base, four in cell R;, two 

each in cells M; and Mz, at fork of vein M, in 
cell My, and three in cell A. Macrotrichia as in 

C. clavipalpis. Halteres yellowish. Legs brown, 

with narrow, subapical, pale bands on femora, 

and subapical and subbasal pale bands on tibiae; 
hind tibial comb with four spines, that next to 
the spur longest. Abdomen dark brown. Sper- 
mathecae (fig. 19) three, one rudimentary, the 
others ovoid, nearly equal (0.07 x 0.05); ducts 
sclerotized for long distance. Male hypopygium 

(fig. 16): ST with a shallow depression; T not 

notched; AP with a minute spine at tip; VR 

simple, long and narrow; AD narrow and parallel- 
sided with flat tip having two short, conical pro- 


Length of body. 
Length of wing. . 
Breadth of wing 
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jections at base; P bent as in clavipalpis, but with 
serrations few and not reaching tip. 

Holotype-—Female, DumDum, August 1957. 
Paratypes.—Two males, two females; same data 
as type. 


7. Culicoides clavipalpis Mukerji 
Culicoides clavipalpis Mukerji 1931: 1052, pl. 56, figs. 1-3, 

4A, 4B, 5-7; Causey 1938: 405, pl. 2, fig. 7. 

Recorded originally from outskirts of Calcutta, 
and since recorded from Thailand; now reported 
from DumDum (24-Parganas), both sexes col- 
lected in light traps. 

Male 
0.91 


Female 
Length of body...... 1.1 
Length of wing. . 0.84 0.73 
Breadth of wing. . 0.36 0.29 


Small, with yellowish-brown dorsum. Eyes 
separated, bare. Antennae with flagellar seg- 
ments in proportion 10:5:5:5:5:6:7:8:13:13:13:15: 
21 in females, 16:7:6:6:6:6:5:5:4:4:16:15:20 in 
males; distal sensory tufts present on segments 3, 
5, 7-10 in females, on 3, 8, 10-12 in males. 
Palpal segments in proportion 3:8:12:4:6 in fe- 
males, 3:5:8:3:5 in males; third segment swollen, 
with a large, shallow, sensory pit; palpal ratio 2.0 
(1.5-2.2, n=4). Galea with 16 (15-18, n=6) 
teeth; mandible with 11 (10-12, n=6) teeth. 
Wing (fig. 17) grayish, with 13 hyaline spots, as 
follows: four at cell R;, two at cell M;, one each 
at fork of vein M, at tip of cell Me, above fork of 
Cu, in cell My, and three in cell A. Macrotrichia 
fairly abundant. Halteres yellowish. Hind tibial 
comb with four spines, that next the spur longest. 
Abdomen dark brown. Spermathecae (fig. 10) 
three, one rudimentary (0.036 x 0.006), the others 
ovoid and nearly equal (0.066 x 0.054, 0.06 x 
0.048); principal ducts sclerotized for a long 
distance. Male hypopygium (fig. 13): ST with 
very shallow depression; T not notched; AP very 
long, with a minute spine at tip; VR simple, 
undivided; SL bent inwards; AD with parallel- 
sided stem having flat tip; P as in C. similis, 
but with seven serrations only. 


8. Culicoides iniquus, new name 
Culicoides molestus Kieffer 1910: 192, pl. 8, fig. 9. 

Originally recorded (both sexes) from Calcutta. 
This species has not been reported subsequently, 
and we have had no opportunity to examine it. 

Body black, with dull brown thorax. Wing 
with R complete, with extensive hyaline areas, 
and with nine smoky spots as follows: at middle 
of vein R, at RC2, at tip of cell R;, at tip of vein 
M,, at fork of vein M, in cell My, and at tip of cell 
My. Halteres brownish white. 

A distinct Australian species, described .as 
Ceratopogon molestus by Skuse (1889: 305), has 
since been transferred to the genus Culicoides by 
Macfie (1939: 556) and retained there by Lee and 
Reye (1953: 382) in their recent revision of the 
Australian Culicoides. As the name molestus is 
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EXPLANATION OF PLATE II 


Fic. 20.—Dorsal pattern of C. fortis, 9. Fic. 21.—Spermathecae of C. fortis. FiG. 22.—Wing of C. fortis, 
9. Fic. 23.—Wing of C. palpifer, 9. Fic. 24.—Spermathecae of C. minutus. FiG. 25.—Dorsal pattern of C. 
minutus, 9. FiG, 26.—Male genitalia of C. definitus. Fic. 27.—Wing of C. definitus, 9. Fic. 28.—Wing of C. 
anophelis, 2. Fic. 29.—Dorsal pattern of C. palpifer. 9. Fic. 30.—Spermathecae of C. definitus. Fic. 31.— 
Spermathecae of C. macfiei. FiG. 32.—Dorsal pattern of C. anophelis, 9. Fic. 33.—Wing of C. macfiei, 9. 
Fic. 34.—Spermathecae of C. anophelis. Fic. 35.—Male genitalia of C. anophelis. Fic. 36.—male genitalia of 
C. palpifer. Fic. ,37.—Spermathecae of C. palpifer. Fic. 38.—Wing of C. imnoxius, 9. Fic. 39.—Wing of C. 
minutus, 9. Fic. 40.—Dorsal pattern of C. innoxius, 9. Fic. 41.—Spermathecae of C. innoxius. 
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preoccupied by Skuse’s species, we propose that 
the Indian species be designated as iniquus. 


9. Culicoides magnificus, new species 


Only females known; from Calcutta, around 
lights. 


Length of body... . 1.9 
Length of wing. . 1.4 
Breadth of wing 


Dorsum (fig. 15) ornamented with patches of 
pale yellow and dark brown shades; scutellum 
pale yellow; postscutellum dark brown. Wing 
(fig. 12) dark brown, with 18 hyaline spots as 
follows: at base, above vein M, in region of vein 
R-M, three in cell R;, two each in cells M; and 
Me, in cell My, on vein Cu;, and three in cell A; 
macrotrichia large and uniformly distributed. 
Haltere pale yellow. Spermathecae not ob- 
served. Owing to shrinkage, other characters 
could not be made out from the slide preparations. 

Holotype.—Female, Calcutta, November 1956. 
Paratype.—Female, same data as type. 


10. Culicoides fortis, new species 


Known from DumDum (24-Parganas), Amta 
(Howrah), and Jhargram (Midnapore); three 
females, collected around lights. 


Length of body. . 1.6 
Length of wing. . 0.97 
Breadth of wing.... 0.43 


Dorsum (fig. 20) yellowish, with dark brown 
patches; scutellum yellowish except for a dark 
brown median spot; postscutellum dark brown. 
Eyes separated, bare. Antenna with flagellar 
segments in proportion 14:8:8:8:8:8:8:10:10:10: 
11:12:18; distal sensory tufts present on 3, 8-10. 
Palpus segments in proportion 3:11:13:5:6; third 
segment swollen, with a shallow sensory pit; pal- 
pal ratio 1.5 (1.2-1.7, n=5); galea with 17 (16-20, 
n=5) teeth of same size. Mandible with 13 
(12-14, n=5) teeth. Wing (fig. 22) blackish, 
with 14 hyaline spots as follows: at base, in 
region of vein R—M, three in cell R;, two each in 
cells M,; and Msg, in cell My, and three in cell A: 
macrotrichia fairly abundant along the principal 
veins, also above and below veins M, and Mb, as 
well as abundantly scattered. Halteres with yel- 
lowish or dull white knob and dark stem. Legs 
dark brown, with narrow, subbasal and subapical 
pale bands on front femur and on tibiae, other 
femora with subapical pale band only. Hind 
tibial comb with five spines, the second from the 
spur longest. Abdomen dark. Spermathecae 
(fig. 21) three, one rudimentary (0.017 x 0.003), 
the others ovoid and unequal (0.043 x 0.029, 
0.036 x 0.023); principal ducts sclerotized up to 
a long distance. 

Holotype-—Female, DumDum, October 1956. 
Paratypes.—Two females, Amta and Jhargram, 
respectively, October 1956. 


11. Culicoides minutus, new species 


Known only from DumDum (24-Parganas); 
four females, in light traps. 


Length of body. .. 09 
Length of wing. . ae 
Breadth of wing..... 0.3 


Dorsum (fig. 25) pale yellowish, with four nar- 
row, dark stripes and a small, V-shaped, dark 
spot; scutellum and postscutellum dark. Eyes 
separated, bare. Antenna with flagellar seg- 
ments in proportion 8:6:6:6:6:6:7:8:11:11:12:13: 
22: distal sensory tufts present on segments 3, 8, 
13,14. Palpus segments in proportion 3:11:9:5:6; 
third segment slightly swollen, with a shallow 
sensory pit; palpal ratio 1.0 (0.7-1.5, n=4); galea 
with 13 (12-14, n=4) teeth. Mandible with 13 
(12-15, n=4) teeth. Wing (fig. 39) light brown, 
with hyaline spots as follows: at base including 
R-M, two in cell R;, in cell My, in cell Me, in 
cell Cuy, in cell A; macrotrichia few and scattered. 
Haltere yellowish. Legs dark brown, with sub- 
apical and subbasal pale bands on all femora and 
on hind tibiae, other tibiae with subapical bands 
only. Hind tibial comb with five spines, the one 
next to the spur longest. Abdomen dark brown. 
Spermathecae (fig. 24) three, one rudimentary 
(0.025 x 0.005), the others subglobular (0.05 x 
0.04, 0.045 x 0.04); principal ducts sclerotized 
for a short distance. 

Holotype.—Female, DumDum, February 1957. 
Paratypes—Three females, DumDum, Septem- 
ber 1957. 


12. Culicoides definitus, new species 


From DumDum (24-Parganas); both sexes col- 
lected in light traps. 
Female Male 
Length of body. 1.4 1.2 
Length of wing... 0.97 0.73 
Breadth of wing... 0.39 0.27 


Dark brown, not ornamented. Eyes separated, 
bare. Antenna with flagellar segments in propor- 
tion 10:6:6:6:6:6:6:6:9:10:10:11:17 in female, and 
15:9:9:9:9:9:8:8:7:7:21:16:19 in male; distal sen- 
sory tufts present on segments 3, 7-9, 11-14 in 
female, and on 3, 13-15 in male. Palpus seg- 
ments in proportion 4:11:12:5:8 in female, and 
3:9:8:5:6 in male; third segment swollen, with a 
shallow sensory pit; palpal ratio 2.0 (1.8-2.4, 
n=4); galea with 14 (13-15, n=4) teeth, basal 
ones bigger; mandible with 10 (9-11, n=4) teeth 
Wing (fig. 27) brownish, with hyaline spots as 
follows: at base, two in cell R;, two in cell Mj, 
three in cell Moe, one in cell My, and two in cell A; 
macrotrichia arranged in rows along distal parts 
of principal veins and in between the veins (one 
row in cell R;, two rows each in cells M, and 
Mz) in females, scanty in males, on vein R only. 
Haltere faintly yellowish, with dark stem. Hind 
tibial comb with four spines, the one next to spur 
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EXPLANATION OF PLATE III 


Fic. 42.—Wing of C. peregrinus, 9. Fic. 43.—Spermathecae of C. peregrinus. Fic. 44.—Wing of C. 
inexploratus, o’. FiG. 45.—Dorsal pattern of C. peregrinus, 9. Fic. 46.—Male genitalia of C. peregrinus. 
Fic. 47.—Male genitalia of C. dumdumi. Fic. 48.—Male genitalia of C. inexploratus. Fic. 49.—Wing of C. 
autumnalis, o'. Fic. 50.—Wing of C. orientalis, #@. Fic. 51.—Male genitalia of C. fuluus. Fic. 52.—Male 
genitalia of C. orientalis. Fic. 53.—Male genitalia of C. autumnalis. Fic. 54.—Wing of C. turgidus, 9. Fic. 
55.—Male genitalia of C. turgidus. Fic. 56—Spermathecae of C. turgidus. Fic. 57.—Dorsal pattern of C. tur- 
gidus, 9, Fic. 58.—Wing of C. fulvus, 7. Fic. 59.—Wing of C. dumdumi, Fic. 60.—Male genitalia of C. 
turgidus. 
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longest. Spermathecae (fig. 30) three, one rudi- 
mentary (0.03 x 0.006), the others subequal 
(0.06 x 0.048); principal ducts sclerotized. Male 
hypopygium (fig. 26): ST excavated in middle; 
T deeply notched; AP absent; VR bifid; SL 
notched at tip; AD broad, with narrow, parallel- 
sided stem and fine tip; P extremely filiform, bare. 

Holotype-—Female, DumDum, October 1957. 
Paratypes.—Two females, two males, same data 
as type. 


13. Culicoides pattoni Kieffer 
Culicoides kiefferi Patton 1913: 336, pl. 18, figs. 1, 7, 8 

[preoccupied by C. kiefferi Goetghebuer 1910 Rev. Soc. 

Ent. Namur 10: 96, and 1911 Ann. Soc. Ent. Belgique 

55: 108). 

Culicoides pattoni [new name] Kieffer 1921b: 

177, footnote. 

Recorded originally from Madras; both sexes. 
Subsequently reported from Coimbatore, and 
Pusa (Bihar). 

Dorsum light brown with median dark band, 
bifurcated posteriorly, possessing several dark 
spots. Wings with hyaline spots as follows: at 
base, in region of R—M, three in cell R;, two in 
cell M;, above Mg, in cell My, above fork of Cu, 
and two in cell A; two dark spots on costa, one 
at center, the other at apex; vein R4,; pale, not 
well separated from the other branches of R 
which terminate at center of costa. Legs brown, 
with pale band near middle of femora, most 
prominent on hind femur. Abdomen light brown, 
with faint dark bands and spots. Males very 
similar to females, but lighter in color. 

Causey (1938: 407) considered pattoni a syno- 
nym of oxystoma because of the close similarity 
of thoracic markings in the two. In the absence 
of specimens before us (the Indian Museum 
depository of oxystoma being untraceable), we 
refrain from comments on this point, and have 
kept the two as separate species, following 
Edwards (1922). 


14. Culicoides oxystoma Kieffer 
Culicoides oxystoma Kieffer 1910: 193, pl. 9, fig. 1; Annan- 
dale 1913: 246; Patel 1921: 177, pl. 47, fig. 9; Edwards 

1922: 164, pl. 3, fig. 3; Christophers, Shortt, and 

Barraud 1925: 175; Mukerji 1931: 1052, pl. 56, fig. 11; 

Edwards 1932: 178; Smith and Swaminath 1932: ws 

Causey 1938: 406, pl. 2, fig. 9; Buckley 1938: 135, pl. 5 

fig. 27: Macfie 1941: 69; Che ang 1951: 282. 

Orginally recorded (females only) from Cal- 
cutta. Since obtained from Assam (Golaghat), 
Bombay, Pusa, Barkuda Island (Chilka), Puri, 
and Balugaon (Puri) in India; Kuala Lumpur in 
Malaya; Thailand; and China. 

Thoracic pattern, according to Causey, similar 
to pattoni. Edwards observed that clear areas 
of the wing membrane are provided with pale 
macrotrichia, not bare as held by Kieffer. This 
species differs from pattoni in having a small 
white spot beneath RC, and lacking two dark 
costal spots; the area between second and third 
pale spots is darker in pattoni. Halteres white. 
Spermathecae three, one rudimentary, the others 


7; Patel 1921: 
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subglobular and almost equal; principal ducts 
sclerotized for a short distance (as shown in 
Causey’s figure). Male hypopygium: T with 
long AP but no median notch; AD with tip large 
and bifid; P filiform and bare (Causey). 


15. Culicoides odiosus Kieffer 

Culicoides odiosus Kieffer 1910: 192, pl. 8, fig. 7; Kieffer 

1913: 183. 

Original record based on females from Calcutta; 
since recorded from Kurseong (Darjeeling). 

Brown midge of moderate length. Wings 
smoke-colored, with ill-defined, extensive hyaline 
areas as seen in Kieffer’s diagram, distributed as 
follows: at base, two in cell R;, and one covering 
entire cell A; vein R unbranched. 


16. Culicoides daleki Smith and Swaminath 
ase daleki Smith and Swaminath 1932: 185, figs. 

7, 8, 9; Macfie 1937: 114; Causey 1938: 402, pl. 1, fig. 3; 

Buckley 1938: 135. 

Original record based on females from Golaghat, 
Assam. Since recorded from Kuala Lumpur, 
Malaya, and from Thailand. 

Dark brown, the dorsum with irregular grayish- 
white patches. Wing smoky, with hyaline areas 
as follows: at fork of vein M, two each in cells 
M; and Ms, one on R-M, three in cell R;, one in 
cell My, and three in cell A. Abdomen brown. 
Spermatheca single, large. Male hypopygium: 
T with short AP and no median notch; AD with 
short stem having knobbed tip; P bare and turned 
outward. 

Dr. Wirth (personal communic ation) considers 
this a synonym of Culicoides arakawai (Arakawa),? 
described from Japan. As we have neither speci- 
mens to compare nor the publication where this 
was first reported, we have refrained from chang- 
ing the name. 


17. Culicoides anophelis Edwards 
Culicoides anophelis Edwards 1922: 161, pl. 3, figs. 4-7; 
Sinton and Little 1925: 45; Christophers, Shortt, and 
Barraud 1925: 175; Smith and Swaminath 1932: 183; 
Macfie 1932: 493, fig. 3A; Gailliard and Gaschen 1937: 
320; Iyengar 1938: 238; Causey 1938: 409, pl. 3, fig. 14; 
Buckley 1938: 135; Laird 1946: 158, fig. 1; Sen and Das 
Gupta 1958: 415. 
This species distributed in India, 
Burma, Ceylon, Malaya, Thailand, Sumatra, 
Indochina, and New Britain. Edwards named 
the species originally from females collected in 
Malaya. In India, C. anophelis has been re- 
corded from Assam (Golaghat), Madhya Pradesh, 
and Bengal (Jalpaiguri, Port Canning, DumDum, 
Thakurpukur, Gobra and Kristopur around 


Calcutta). 

In his biological study of this species, Arakawa 
(1910, Konchu-Sekai 14: 411) referred to it as Ceratopogon 
arakanae [sic] Matsumura. His brief description there 

validated the name 5 years prior to the delayed ap- 

pearance of Matsumura's paper describing it as C. 
arakawae. Present rules require that the name be 
written arakawat. 


is widely 
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Female 
Length of body...... 
Length of wing 
Breadth of wing 


Dark brown. Dorsum (fig. 32) with black 
patches on either extremity. Eyes contiguous, 
bare. Antenna with flagellar segments in pro- 
portion 14:9:9:10:10:10:10:10:13:12:14:16:24 in 
females, and _  17:8:8:8:8:8:8:8:8:8:21:20:26 in 
males, distal sensory tufts present on segments 
3, 11-15 in female, and on 3, 13-15 in males. 
Palpus segments in proportion 3:10:12:5:7 in 
females, and 3:7:11:5:8 in males; third segment 
swollen, without sensory pit; palpal ratio 1.7 
(1.5-2.0, n=8); galea with 18 (17-20, n=8) teeth, 
basal ones larger. Mandible with 15 (14-16, 
n=8) teeth, decreasing from base to apex. Wing 
(fig. 28) dark, with rather inconspicuous hyaline 
areas as follows: at base, on R—M, in cell Rs, 
in cell M,, in cell My, and in cell A; macrotrichia 
scanty. Halteres dirty yellow. Legs dark brown, 
with wide subapical and subbasal pale bands on 
femora and tibiae. Hind tibial comb with four 
spines, the second from spur longest. Sperm- 
athecae (fig. 34) three, almost equal (0.06 x 0.05); 
principal ducts sclerotized for a short distance. 
Male hypopygium (fig. 35): ST flat; T with a 
median notch having prominent lobes on either 
side; AP short, with minute spines at tip; SL 
narrow, with pointed tip; VR simple; AD broad, 
ending in a knob; P filiform, bare. 


18. Culicoides macfiei Causey 
Culicoides macfiei Causey 1938: 411, pls. 4 and 8, figs. 18, 
31. 
Both sexes were recorded originally, from 
Thailand. We have collected one female from 
Jhargram (Midnapore), in light trap. 


Female 
Length of body...... 1.2 
Length of wing. . 1.0 
Breadth of wing. . 0.5 


Dorsum dark brown. Eyes contiguous, bare. 
Antenna with distal sensory tufts present on 
segments 3, 11-14. Third segment of palpus 
moderately swollen, with a shallow sensory pit; 
palpal ratio 2.0. Galea with seven teeth, apical 
ones slightly larger. Mandible with seven teeth, 
apical ones somewhat bigger. Wings (fig. 33) 
light smoky, with six hyaline spots as follows: 
on R-M, two in cell Rs, in cell M,, in cell Me, and 
in cell My. Macrotrichia scanty, resembling 
anophelis. Halteres yellowish. Hind tibial comb 
with four spines, second from spur the longest. 
Spermathecae (fig. 31) three, middle one largest 
(0.048 x 0.054), the others equal (0.036 x 0.042); 
principal ducts unsclerotized. Male hypopygium: 
T somewhat rounded, with median notch: AP 
long; AD large, with tip of stem blunt; P thick 
at base, apical half filiform and bare. 
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19. Culicoides palpifer DasGupta and Ghosh 
Culicoides palpifer DasGupta and Ghosh 1956a: 122. 
Recorded from Thakurpukur (24-Parganas); 
both sexes taken in light traps and hand nets. 


Male 
1.1 


Female 
1.4 
0.95 0.8 
0.44 0.3 


Dorsum (fig. 29) light brown; scutellum and 
postscutellum dark brown. Eyes contiguous, 
bare. Antenna with flagellar segments in propor- 
tion 12:9:9:9:9:9:9:9:13:11:16:14:23 in females, 


Length of body... 
Length of wing. . 
Breadth of wing. 


sensory tufts present on segments 3, 11-15 in 
female, and on 3, 13-15in male. Palpal segments 
in proportion 3:10:9:5:7 in female, and 3:8:7:5:4 
in male; third segment slightly swollen, with a 
shallow, inconspicuous sensory pit; palpal ratio 
2.0 (1.7-2.2, n=5); galea with 11 (11-13, n=5) 
teeth, apical ones bigger. Mandibles with 6 
(6-7, n=5) teeth, apical ones bigger. Wing (fig. 
23) brownish, with hyaline areas as follows: at 
base, on R—M, two in cell Mj, in cell Mg, in cell 
My, and in cell A. Macrotrichia scanty. Hal- 
teres faintly yellowish. Legs brown, with narrow 
subapical and wide subbasal bands on first two 
femora, one central band only on hind femur; 
first two tibiae with wide subapical pale band, 
hind tibiae entirely pale. Hind tibial comb with 
four spines, the second from spur _ longest. 
Spermathecae (fig. 37) three, two of them equal 
(0.025 x 0.02), the other one larger (0.035 x 0.03); 
principal ducts unsclerotized. Male hypopygium 
(fig. 36): ST with shallow depression; T with 
median notch; AP long, with a minute spine at 
tip; SL tapering to a point; AD broad, with blunt 
tip; P with tip turned outward, blunt and bare. 

Holotype-—Female, from light trap, Thakur- 
pukur, October 1955. Paratypes.—Six females, 
two males; same data as fer type. 


20. Culicoides fulvithorax (Austen) 

Johannseniella fulvithorax Austen 1912: 105. 

Culicoides ochrothorax Carter 1919: 298, fig. 4. 

Culicoides fulvithorax, Carter, Ingram, and Macfie 1920: 
230, fig. 6; Edwards 1922: 161; Smith and Swaminath 
1932: 183. 

Culicoides citrinus Kieffer 1921a: 15. 

Dorsum bright ochraceous, with two small gray 
spots anteriorly and a median grayish-ochraceous 
stripe; scutellum brownish-gray; postcutellum 
dark brown. Wings brownish-gray, with hyaline 
spots as follows: on R-M, in cell Rs, in cell 
My, and in cell A. Halteres_ pink-colored. 
Spermathecae three, well-developed, unequal, 
sausage-shaped; principal ducts unsclerotized. 

Dr. Wirth (personal communication) considers 
the Indian record for this African species as a 
misidentification by Smith and Swaminath, who 
probably had before them specimens referable to 
Culicoides palpifer DasGupta and Ghosh. We 
have had no opportunity to examine African 
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material of C. fulvithorax, nor could we see any 
specimens of Smith, who was contacted in India. 
Thus we are unable to settle the accuracy of the 
record, 
21. Culicoides raripalpis Smith 

Culicoides raripalpis Smith 1929: 256, pl. 13, figs. 1-3; 

Macfie 1937: 115; Buckley 1938: 135; Causey 1938: 409, 

pls. 3 and 7, figs. 15 and 28. 

Originally recorded (females) from Assam; 
since reported from Kuala Lumpur and Thailand. 

Dull brown. Wings gray, with hyaline spots 
as follows: on R-M, in cell RCs; costa with 
three dark areas. Legs dark brown, with sub- 
apical pale bands on femora and tibiae. Sper- 
mathecae three, well developed but unequal; 
principal ducts unsclerotized. Male hypopygium: 
ST with shallow depression; T with median 
notch; AP long; AD broad, with tapering stem 
ending bluntly; P with three bends, middle one 
stout, tip slim and without spines. 


22. Culicoides innoxius, new species 
Known from DumDum, Thakurpukur (24- 
Parganas), Amta (Howrah), and Calcutta; both 
sexes, from light traps and sticky traps. 
Female Male 
Length of body... 1.5 1.0 
Length of wing. . ae 0.8 
Breadth of wing.... 0.47 0.32 
Dorsum (fig. 40) dull yellowish, with four dark 
stripes. Eyes contiguous, bare. Antenna with 
flagellar segments in proportion 12:9:9:10:11:11: 
11:12:16:16:18:20:28 in females, and 19:9:9:9:9:9: 
9:9:9:9:25:20:27 in males; distal sensory tufts 
present on segments 3, 11-15 in female, and on 
3, 13-14 in male. Palpus segments in proportion 
4:12:20:8:10 in females, and 3:11:16:7:9 in males; 
third segment swollen, with a shallow sensory pit; 
palpal ratio 1.2 (1.0-1.5, n=4); galea with 22 
(21-23, n=5) teeth; mandible with 18 (16-20, 
n=6) teeth. Wings (fig. 38) light smoky, with 
hyaline spots as follows: at base, on R—M, two 
“ach in cells R;, Mi, and Ms, one in cell Msg, 
above fork of Cu, three in cell A. Halteres pale 
yellowish. Legs dark brown, with narrow pale 
bands subapically on all femora and tibiae, and 
subbasally in addition on first two femora and 
hind tibiae. Hind tibial comb with six spines, 
the second from spur longest. Spermathecae 
(fig. 41) three, one rudimentary (0.02 x 0.007), 
the others nearly equal (0.07 x 0.05, 0.09 x 0.06); 
principal ducts unsclerotized. Male hypopygium 
(fig. 55): ST with deep depression; T with 
median notch; AP absent; VR simple; SL thick, 
bent near middle, with hook-like tip bearing a 
small depression near apex; AD with parallel- 
sided stem bearing blunt and rounded tip; P 
thick, filiform apically, with spines for some 
length. 
Holotype-—Female, Calcutta, November 1955. 
Paratypes.—Five females and five males, Tha- 
kurpukur, January 1956. 
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23. Culicoides turgidus, new species 


Both sexes, from DumDum, Thakurpukur (24- 
Parganas), Amta (Howrah), and Calcutta, from 
light traps and sticky traps. 

Female 
Length of body 
Length of wing 
Breadth of wing 


Dorsum (fig. 57) pale yellow, with brown spots. 
Eyes separated, bare. Antenna with flagellar 
flagellar segments in proportion 10:6:6:6:6:6:6:8: 


6:20:17:21 in male; distal sensory tufts present 
on segments 3, 11-15 in female, and on 3, 13, 14 
in male. Palpus segments in proportion 3:11:10: 
5:7 in female, and 2:7:9:4:5 in male; third seg- 
ment swollen, with a shallow sensory pit; palpal 


n=5) teeth; mandible with 13 (13-15, n=4) 
teeth; mandible with 13 (13-15, n=4) teeth, 
basal ones slightly stumpy. Wing (fig. 54) light 
brown, with hyaline spots as follows: at base, 
on R-M, two each in cells R;, Mi, and Mg, one 
in cell Mg, in cell A, and on vein M;; macrotrichia 
scanty. Halteres pale yellowish. Legs brown, 
with subapical and subbasal pale bands on femora 
and last two tibiae, but with subapical band only 
on fore tibia; hind tibial comb with five spines, 
the one next to the spur longest. Spermathecae 
(fig. 56) three, one rudimentary (0.01 x 0.005), 
the others oval and unequal (0.045 x 0.04, 
0.065 x 0.06); principal ducts sclerotized for a 
short distance. Male hypopygium (fig. 60): 
ST with a shallow depression; T with median 
notch; AP absent; VR bifid; SL broad, with 
hook-like tip; AD broad, with stem abruptly 
narrowed and with base having horn-like sides; 
P broad at base, thicker at middle, tip slim and 
spinous. 

Holotype-—Female, Calcutta, August 1955. 
Paratypes.—Three females and three males, same 
data as for holotype. 


24. Culicoides shortti Smith and Swaminath 


Culicoides shortti Smith and Swaminath 1932: 183, pl. 1, 
figs. 1-3; Macfie 1937: 115; Buckley 1938: 135, pl. 5, 
fig. 29; Causey 1938: 413; Macfie 1941: 69, fig. 2. 


Originally recorded (females only) from Assam; 
since recorded from Kuala Lumpur and Thailand. 

Dorsum gray, dotted with black spots. Wings 
as in C. oxystoma, but without the spot above 
vein M;. Halteres brownish, with whitish knob. 
Legs brown, with subbasal and subapical pale 
bands on femora and tibiae. Spermathecae three, 
pear-shaped, one of them rudimentary. Male 
hypopygium: ST with shallow depression; B 
with median notch; AP large; AD broad, with 
blunt stem, sides forming a deep arch; P as in 
C. similis. 
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25. Culicoides peregrinus Kieffer 
Culicoides peregrinus Kieffer 1910:181, pl. 8, fig. 1; 

Annandale and Kemp 1915: 187; Dover 1921: 393; 

Edwards 1922: 164, pl. 3, fig. 1; Christophers, Shortt, 

and Barraud 1925: 175; Mukerji 1931: 1051, pl. 56, fig. 

10; Smith and Swaminath 1932: 182; Edwards 1932: 

178; Buckley 1938: 135, pl. 5, fig. 25; Causey 1938: 408, 

pl. 3, fig. 11; Macfie 1937: 111; Macfie 1941: 69. 
Culicoides esmoneti Salm 1917: 136. 

Culicoides judicandus Bezzi 1917: 108. 
Culicoides philippinensis Kieffer 1921c: 557. 

The original description was of females only, 
from Orissa Coast, India. C. peregrinus has 
since been reported from Calcutta and surround- 
ings, and from Assam, Sumatra, Java, Kuala 
Lumpur, Thailand, Formosa, and Japan. Of 
the three species sunk as synonyms by Macfie 
(1937), one (esmoneti) was described from Java, 
the others from the Philippines. 

Our collections of C. peregrinus are from Cal- 
cutta, from Jhargram (Midnapore), and from 
Bolpur (Birbhum), and contain both sexes. 


Female Male 

Length of body...... 2.0 1.6 

Length of wing 1.3 1.0 

Breadth of wing 0.5 0.4 
Black; dorsum (fig. 45) bearing a characteristic 
V-shaped mark. Eyes separated, bare. An- 
tenna with flagellar segments in proportion 
11:8:8:8:9:9:9:9:13:12:14:18:25 in females, and 
22:9:9:9:9:9:9:9:9:9:22:21:27 in males; distal sen- 
sory tufts present on segments 3, 11-15 in 
female, and on 3, 13-15 in male. Palpus seg- 
ments in proportion 5:10:14:16:8 in female, and 
4:9:10:5:8: in male; third segment not swollen, 
and with a shallow sensory pit; palpal ratio 2.2 
(2.0-2.4, n=5); galea with 16 (15-17, n=6) 
teeth, the middle ones larger. Mandible with 
14 (13-17, n=6) teeth. Wings (fig. 42) brownish- 
gray, with clear hyaline spots as follows: at 
base, on R-M, two each in cells Rs, My, and 
Mp, at tips of veins Mi, Me, and Ms44, and three 
in cell A; macrotrichia scanty. Halteres blackish, 
with dull white or yellowish knob. Legs dark 
brown, with subapical and subbasal pale bands 
on middle femur and last two tibiae, subapical 
pale band only on front femur and tibia; hind 
tibial comb with six spines, the second from spur 
longest. Spermathecae (fig. 43) three, one rudi- 
mentary (0.04 x 0.01), the others ovoid and sub- 
equal (0.078 x 0.06, 0.084 x 0.072) ; principal ducts 
sclerotized. Male hypopygium (fig. 46): ST 
with shallow depression; T w‘th median notch; 
AP rudimentary, with a spine at tip; VR simple; 
AD long, funnel-shaped; P broad at base, tip 

filiform and spinose. 


Culicoides peregrinus var. assamensis 
Smith and Swaminath 
Culicoides peregrinus assamensis Smith and Swaminath 
1932: 183. 
Females only were described from Assam, and 


26. 


no subsequent record is known. This form dif- 


Sen and Das Gupta: 


Indian Culicoides 627 
fers from typical peregrinus in lacking the hyaline 
spots at the tips of veins M;, Me, and M344, and in 
possessing dark brown halteres. 


27. Culicoides actoni Smith 
Culicoides actoni Smith 1929: 255, pl. 13, figs. 4-6. 

Females only were described from Assam. 
other record is known. 

Dorsum slate-colored; scutellum and _ jpost- 
scutellum black. Wings spotted with hyaline 
areas, as follows: at base reaching cell A, on 
R-M, in cell R;, and in cells M;, Moe, and Msg. 
Halteres cream-colored. Spermathecae two, glob- 
ular and equal; ducts unsclerotized. 


No 


28. Culicoides orientalis Macfie 
Culicoides orientalis Macfie 1932: 490, fig. 2 A-D; Macfie 

1937: 115; Causey 1938: 408, pl. 3. fig. 12; Buckley 1938: 

135, pl. 5, fig. 25. 

Both sexes were recorded originally from 
Malaya, Java, and India; since reported from 
Thailand. We have collected a few males in 
light traps at DumDum (24-Parganas). 

Male 
Length of body ‘4 
Length of wing .. 0.9 
Breadth of wing . 03 

Dorsum brown. Eyes contiguous, bare. An- 
tenna with flagellar segments in proportion 19:9: 
9:9:9:9:9:9:9:9:22:17:25 (male), distal sensory 
tufts present on segments 3, 13-15. Palpus with 
segments in proportion 2:13:10:5:6 (male); third 
segment swollen, with a shallow sensory pit; pal- 
pal ratio 2.2 (2.0-2.4, n=5). Wings (fig. 50) 
with hyaline spots as follows: at base, reaching 
cells Mz and A; on R—M; two in cell R;; in cell 
M;; in cell My; and on vein M;. Halteres with 
dirty white or brownish knob. Legs brown, with 
subapical and subbasal pale bands on femora and 
tibiae; hind tibial comb with five spines, the one 
next to the spur longest. Spermathecae two, 
subequal. 2 ST 


Male hypophygium (fig. 52): 
with a deep depression; T with a median notch; 
AP absent; VR bifid; SL pointed, with a de- 
pression; AD broad, with short sides, stem 
parallel-sided with rounded tip; P broad at base, 
tir filiform and bare. 

Gutsevich (1952: 92) recently described a 
Culicoides orientalis from the Maritime Province, 
Forest Zone, U.S.S.R. Since this name is pre- 
occupied, we propose Culicoides gutsevichi, 
new name, to replace it. 

29. Culicoides indianus Macfie 
Culicoides indianus Macfie 1932: 488, fig. 1 A-C. 

Described from Dharwar, India (females only), 
and not recorded subsequently. 

Dark brown, with plain dorsum. Wings gray- 
ish, with hyaline spots as follows: at base; on 
R-M;; two each in cells Rs; and A; in cells Mj, 
Me, and My, (from author’s figure). Halteres 
with pale brownish knob. Spermathecae two, 
subequal and pyriform. 
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30. Culicoides dumdumi, new species 


Known only from DumDum (24-Parganas), 
where three males were taken in light traps. 


Length of body...... 1.2 
Length of wing. ‘Os 
Breadth of wing..... 0.6 


Dorsum dark brown. Eyes separated, bare. 
Antenna with flagellar segments in proportion 
15:8:8:8:8:8:8:8:8:7:20:10:25; distal sensory tufts 
present on segments 3, 13-15. Palpus with seg- 
ments in proportion 2:8:10:4:5; third segment 
swollen, with a shallow sensory pit; palpal ratio 
2.0 (1.8-2.2, n=5). Wings (fig. 59) brownish, 
with hyaline spots as follows: at base; on R-M; 
two each in cells Rs, Mi, Me, and A; one in cell 
My. Halteres pale yellowish. Legs brown, with 
subbasal pale bands on femora and narrow sub- 
apical pale bands on tibiae; hind tibial comb with 
five spines, the one next to the spur longest. 
Male hypopygium (fig. 47): ST with a shallow 
depression; T with a median notch; AP absent; 
VR bifid; AD broad and blunt, with short sides: 
P filiform, with short spines. 

Holotype-—Male, DumDum, 
Paratypes——Two males; same 
holotype. 


August 1957. 
data as for 


31. Culicoides autumnalis, new species 
Three males only, collected in light traps at 
DumDum (24-Parganas). 
Length of body...... 1.3 


Length of wing...... 0.9 
Breadth of wing. 0.3 


Dorsum brown, with black patches at both 
extremities. Eyes separated, bare. Antenna with 
flagellar segments in proportion 16:8:8:8:8:8:9:9: 
8:7:21:18:24; distal sensory tufts present on seg- 
ments 3, 13-15. Palpus with segments in pro- 
portion 3:10:8:5:7; third segment slightly swollen, 
with a shallow sensory pit; palpal ratio 2.2 
(2.0-2.5, n=5). Wings (fig. 49) dark brown, 
with hyaline spots as follows: at base; on R—M; 
at RC»; one each in cells Rs, M;, and Me; two in 
cell A; macrotrichia on vein R. Halteres yel- 
lowish. Legs brown, with subapical pale bands 
on hind femora and middle tibiae, other femora 
and tibiae with both subbasal and subapical pale 
bands; hind tibial comb with five spines, the one 
next to the spur longest. Male hypopygium 
(fig. 53): ST with a shallow depression; T 
without notch; AP absent; VR bifid; AD broad, 
with short stem; P triangular, with tip filiform 
and bare. 

Holotype. 
Paraty pes. 


Male, DumDum, September 1957. 
Two males; same data as for type. 


32. Culicoides fulvus, new species 


Known from four males collected in light traps 
at DumDum (24-Parganas). 
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Length of body...... 1.2 
Length of wing...... 0.7 
Breadth of wing. . 0.3 


Dorsum dark brown. Eyes separated, bare. 
Antenna with flagellar segments in proportion 


present on segments 3, 13-15. Palpus with seg- 
ments in proportion 3:7:12:4:6; third segment 
swollen, with a shallow sensory pit; palpal ratio 
2.0 (1.7-2.2, n=4). Wings (fig. 58) dark brown, 
with hyaline spots as follows: at base; on R-M; 
at tip of RC; at tip of cell R;; two each in cells 
M;, Me, Ma, and A. Halteres whitish. Legs 
dark brown, with wide subapical and narrow sub- 
basal pale bands on femora and tibiae; hind 
tibial comb with five spines, the one next to the 
spur longest. Male hypopygium (fig. 51): ST 
with a shallow depression; T with a median 
notch; AP absent; VR bifid; SL showing a hook 
at tip; AD broad, with rounded tip; P filiform, 
with a bulbous swelling near spinous tip. 

Holotype-——Male, DumDum, September 1957° 
Paratypes——Three males; data same as _ for 
holotype. 


33. Culicoides inexploratus, new species 
Recorded from DumDum (24-Parganas); four 
males only, in light traps. 


Length of body..... 1.3 
Length of wing. . 0.68 
Breadth of wing. 0.4 


Dorsum dark brown. Eyes separated, bare. 
Antenna with flagellar segments in proportion 
15:8:8:8:8:7:7:7:7:7:22:18:24; distal sensory tufts 
present on segments 3, 14, 15. Palpus with seg- 
ments in proportion 2:7:8:4:6; third segment 
slightly swollen, with a shallow sensory pit; 
palpal ratio 2.0 (1.8-2.2, n=4). Wings (fig. 44) 
brownish, with hyaline spots distributed as fol- 
lows: on R-M; at tips of RCs and cell R;; one 
each in cell My; two each in cells M; and Maz, 
and above fork of Cu; macrotrichia on vein R 
only. Halteres yellowish. Legs brown, with 
narrow subapical and wide subbasal pale bands 
on all femora and on first two tibiae, hind tibiae 
pale throughout; hind tibial comb with four 
spines, the second from the spur longest. Male 
hypopygium (fig. 48): ST with a deep depres- 
sion; T deeply notched; AP with a minute spine 
at tip; VR undivided; SL tapering; AD with a 
flat tip and long arms; P with a deep depression at 
base and with filiform, bare tip turned inwards. 

Holotype-—Male, DumDum, July 1956. Para- 
types.—Three males, DumDum, August 1956. 


Dasyhelea setiger (Kieffer), new combination 
Culicoides setiger Kieffer 1910: 190, pl. 10, figs. 1-3. 

This speceis, of which both males and females 
are recorded from Calcutta, must be transferred 
from Culicoides to Dasyhelea, as pointed out by 
Dr. W. W. Wirth (personal communication). 
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The character of its antenna, shown in Kieffer’s 25. Vein Mi lying entirely in shaded area..29. indianus 
Veins M,; and M; lying entirely in shaded area... 


drawing, agrees with that of Dasyhelea as indi- 2") ; oF aatiead 
cated by Macfie (1940) in his classificatory notes Neither vein M; nor vein M; entirely in shaded area 
on ceratopogonid genera. 28. orientalis 


Males 
KEYS TO THE INDIAN CULICOIDES ales 


Apico-lateral processes of ninth abdominal tergite 
prominent 2 
Apico-lateral processes of ninth abdominal tergite 
rudimentary or absent. hs ae 
Ninth abdominal tergite with a pair of lobes 
between apico-lateral processes....17. anophelis 
Ninth abdominal tergite without such lobes a. 
Parameres with spines, or with dentate edge. 
Parameres simple, not as above ha 
Parameres with spines. SON ae 
Parameres with dentate edge... . 
Aedeagus without processes at base of stem 
Aedeagus with lance-shaped or with short, conical 
processes at base of stem..... 8 
Stem of aedeagus drawn out into a 1 filiform tip 
4. similis 
Stem of aedeagus blunt...... aa eS eee 7 
Ninth abdominal tergite with a median notch.... 
24. shortti 


Females 


Wings hyaline, colorless . 
Wings with shaded areas................. 2 
Wings with not more than three shaded or darkened 
2. himalayae 
Wings with more than three areas darkened or 
shaded 
RC absent 
RC present 
RC, entirely within shaded area. .. 
RC; partly within shaded area 
Only one hyaline spot in anterior margin of wing 
beyond RC; 
More than one hyaline spot in anterior margin of 
wing beyond RC, 9 
Cell M, with one hyaline spot. ....5. distinctus 
Cell M,; with two hyaline spots. ete SS ee 7 
Vein M2 with a hyaline spot in middle region 
engulfing the vein similis 
Hyaline spot in middle region of vein Mz: not 
engulfing the vein. 
Intervening hyaline area in center of medio-cubital 
fork as wide as basal shaded area..7. clavipalpis 
Intervening hyaline area in center of medio-cubital 
fork less than half as wide as basal shaded area 
6. candidus 
Two hyaline spots in anterior margin of wing 
beyond RC, ee ee 
Three hyaline spots in anterior margin of wing 
beyond RC; 15 
Shaded area in w ings in the form of spots. .8. iniquus 
Hyaline areas in wing in the form of spots.......11 
Macrotrichia large and uniformly distributed 


Macrotrichia small and sparse 
Only one spermatheca present  daleki 
More than one spermatheca present; hyaline spot 
bey oan RC; constric ted sae 
minutus 
Cell R; with more ck a Salli spots Ber 14 
Hyaline spot present below RCo»... 14. oxystoma 
No hyaline spot below RC; 13. pattoni 
Cell M, with two hyaline spots........ 10. fortis 
Cell M, with three hyaline spots........ 24. shortti 
Apex of wing hyaline except for a small spot at 
tip of vein M, odiosus 
Apex of wing not as above 17 
Three well-developed spermathecae present. .....18 
Two well-developed spermathecae present, third 
one rudimentary or absent...................21 
All three spermathecae equal........17. anophelis 
Only two of the spermathecae equal or subequal. . . 19 
Vein M, with tip hyaline 18. macfiei 
Vein M;, shaded throughout its length 20 
Spermathecae globular raripalpis 
Spermathecae conical .... 19. palpifer 
Spermathecae sausage-shaped......20. fulvithorax 
More than one hyaline spot within fork of vein Cu .22 
Only one hyaline spot within fork of vein Cu. 23 
Tips of veins Mi, Me, and M; hyaline 
25. peregrinus, f. typ. 
Veins Mi, Me, and Ms; entirely in shaded areas 
26. peregrinus assamensis 
Rudimentary spermatheca present. . . ...24 
No rudimentary spermatheca present... . 25 
Outermost hyaline spot in cell Rs situated apically 
23. turgidus 
located away 


Outermost hyaline spot in cell R; 
innoxius 


from apex 22. 


Annandale, N. 
Annandale, N., and S. Kemp. 


Austen, E. E. 


Ninth abdominal tergite without notch... ee f, 
7. clavipalpis 
Processes at base of aedeagal stem short, conical 

6. candidus 
aedeagal stem lance-shaped 

5. distinctus 
Tip of aedeagus bifid 14. ss 
Tip of aedeagus not bifid. ... ews ..10 
Aedeagus with swollen, rounded tip.....16. daleki 
Aedeagus broad and blunt... eee 
Parameres approximated at tips, pine er-like.... 

33. ee 

Parameres not as above 12 
Parameres extremely filiform at tip 21. raripalpis 
Parameres blunt. pee 
Parameres broad and triangular basally . 


Processes at base of 


palpifer 
Parameres of more or less uniform shape except at 
tip. ... 18. macfiei 
Apico- lateral processes of ninth abdominal tergite 
rudimentary; tip of paramere with spines at tip 
25. peregrinus 
Apico-lateral processes of ninth abdominal tergite 
15 


Paramere with spines at tip 16 
Paramere without spines at tip .19 


Ventral root short and blunt 22. innoxius 
Ventral root long and slender. ... ote 
Paramere bulbous at some distance from filamentous 
tip. ; ...32. fulvus 
Paramere simple, without such swelling aS See 
Basal arms of aedeagus scarcely divergent. . 
30. dumdumi 
Basal arms of aedeagus plainly divergent. ... ; 
23. turgidus 
Ninth abdominal tergite with a median notch. . 
12. definitus 
Ninth abdominal tergite without such notch.. 20 
Ninth abdominal tergite concave terminally... .. 
28. orientalis 
Ninth abdominal tergite convex terminally 
31. autumnalis 
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SCIENTIFIC NOTES 


Survival of European Corn Borer Larvae, 
Pyrausta nubilalis (Hubn.) in Artificial 
Tunnels in Stalks of Field Corn, Zea Mays L.' 


H. C. CHIANG? 


In the studies of the relationship between borer 
injury and corn yield, critical evaluations of the separate 
effects of leaf feeding and stalk feeding on ear growth 
are still lacking. This follows from the feeding habits 
of the corn borer, which make it difficult to find plants 
with stalk injury alone. Such plants, however, may be 
produced if borer larvae can be transplanted into tunnels 
made artificially on plants which are free from leaf 
injury. 

Experiments were carried out in 1958, at the Southern 
txperiment Station, University of Minnesota, Waseca, 
Minnesota, to determine whether the larvae of the 
European corn borer can survive in tunnels made arti- 
ficially in the stalks of corn plants. 


Table 1.—Survival of corn borer larvae of various instars 
after being transplanted into individual tunnels. 


| Mortality, 
percent 
| Number of |————_;— | Larvae found 
larvae Before | After | alive, percent 
feeding | feeding | 


Larval 
instar* 


Observations on WF9 x M14 


0 
0 
6 
6 
3 


60 
15 
37 

6 
34 


First 
Second 
Thad... 
Fourth. 
Total.. 


20 
7 
16 
15 
58 
Observations on Oh43 x Oh51A 
0 
0 
18 
0 
5 


85 

0 
54 
50 
46 


20 

4 
11 
4 
) 


First 
Third.... 
Fourth. 
Fifth. . 
Total.. 


3 


*At time of transplanting. 


MATERIALS AND METHODS 


Field plantings of WF9x M14 and Oh43 x Oh51A 
were used.* The first is susceptible, the second resistant 
to borer infestations. anal were made with a port- 
able electric drill, using a 4-inch bit. They were made 
at an upward slant, and were about 34-inch deep. Two 
tunnels were made on the two basal internodes of each 
plant. 

Larvae of different instars were tested. One larva 
was introduced into each tunnel, which was then plugged 
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with a piece of cotton. The first-instar larvae used 
were newly hatched from egg masses, and the older larvae 
were either laboratory-reared on corn tissues or obtained 
from infested plants in the field. 

Tests were also made by placing egg masses in arti- 
ficial tunnels. Most of the eggs in these masses con- 
tained fully developed embryos which were ready to 
hatch. 

The plants with transplanted larvae were checked 
1, 2, and 3 weeks after transplantation. Survival and 
development of the larvae were recorded, and notes 
were also taken on the frass accumulation. The presence 
or absence of frass in an unoccupied tunnel was used as 
an indication whether the larva had died (or had left) 
before or after feeding. 


Fic. 1.—An artificial tunnel with a number of small 
borer tunnels and three fourth-instar borer larvae. 


OBSERVATIONS 


Behavior of Larvae at Time of Transplanting.—It was 
found that the first-instar larva could be handled most 
easily by letting it crawl onto a blade of grass and then 
inserting the grass into the tunnel. An older larva 
would crawl into the tunnel by itself when its head was 
oriented to the entrance. If the larva was excited, 
however, it was necessary to guide it into the tunnel. 
Fourth-instar larvae were found to be most excitable. 
Observations showed that larvae, even as young as the 
first instar, did not come out during a 10-minute period 
following their introduction into the tunnels. 

These behavior patterns suggest that even the larvae 
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of early instars, which normally do not feed on or enter 
the stalk, could be established easily in artificial tunnels 
in the stalk. 


Table 2.—Survival of larvae hatched from eggs placed in 
tunnels. Records were taken 1 week and 2 weeks, 
respectively, after the eggs were placed. 


Larvae found 
alive, percent 
| Number of | Number . 
| tunnels of eggs | After | After 


Single cross 
1 week | 2 weeks 


WF9 x Ml4.. 72 32 
WF9 x M14 115 
Oh43 x Oh51A.. 66 21 
Oh43 x Oh5I1A... 110 


Survival of Larvae.—Table 1 gives the survival of 
larvae of different instars. It is realized that not all 
tests were made on samples of the same size, and that 
some samples were small. Nevertheless, two points are 
clearly shown: 

(1) Survival of borers was higher on the susceptible 
single cross than on the resistant cross; and 

(2) With a few exceptions, the larvae which estab- 
lished and started feeding survived and continued their 
development. 

Survival of Larvae Hatched from Eggs.—The survival 
of the larvae which hatched within the tunnels is given 
in table 2. These results show the following points: 

(1) Larvae can survive under the given experimental 
conditions; 

(2) The survival rate was higher on the susceptible 
cross than on the resistant cross; 

(3) The percent survival was, in general, lower among 
these larvae than among larvae transplanted into indi- 
vidual tunnels (compare tables 1 and 2). Since some 
eggs might not have hatched at all, the survival of the 
hatched larvae was probably higher than that shown by 
the records: 

(4) Figure 1 shows a stalk which was bisected 2 weeks 
after the tunnel had been made and the egg mass intro- 
duced. The tunnel was filled with borer frass and its 
walls were decayed. It is still evident that the tunnel 
runs at an upward slant, across the width of the stalk. 
A number of small tunnels, running upward and down- 
ward, were made by borers. Five larvae, all in the 
fourth instar, were found in this internode, and three 
of the five are visible in the photograph. 


DISCUSSION 


The present preliminary study demonstrates that 
larvae of the European corn borer can survive and 
develop after being transplanted into stalk tunnels 
made artificially. This finding will enable one to: 

(1) Produce plants with‘borer injury on the stalks 
only. Critical analyses of the relationships between 
borer infestation and corn yield could then be made. 

(2) Evaluate the resistance to borer infestation in 
the stalks of corn. With the present technique, the 
resistance in the stalk could be evaluated without being 
complicated or masked by the characteristics of the 
leaf and sheath tissues. 

Investigations are planned along these lines of study 
in the coming seasons. ‘In addition, comparisons of 
the growth of transplanted larvae and of those feeding 
in their normal sites will be made. It should also be 
possible to determine what effects the stalk rots may 
have on the growth of the corn borer larvae. 
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The Influence of Several Environmental Factors 
on the Development of the Southern Lyctus 
Beetle, Lycius planicollis Leconte! 


C. G. WriGutT? 
North Carolina State College, Raleigh 


Little information is available on the factors in- 
fluencing the development of Lyctus planicollis LeConte. 
Snyder (1916) showed that wood, to be susceptible to 
attack by beetles of Lyctus planicollis LeC., must have a 
pore size large enough to permit insertion of the female’s 
ovipositor. Wood high in starch content is more favor- 
able for beetle development than wood low in starch 
content (Parkin 1938). The moisture content of the 
wood is another important factor in determining the 
development of Lyctus planicollis LeC. (Christian 1941, 
Smith 1955). 


2 “« 8s ® 20 @ 24 26 2 30 32 34 
weexs 


36 38 640 


Fic. 1.—Cumulative number of males of Lyctus 
plaincollis LeC. collected over a 38-week period from 
two species of oak, seasoned two ways and kept under 
two light conditions. 

Key 
air-dried red oak maintained in 
light daily. 
air-dried red oak, maintained in darkness. 
heat-dried red oak, maintained in 15 hours of 
light daily. 
heat-dried red oak, maintained in darkness. 
heat-dried white oak, maintained in 15 hours 
of light daily. 


RAL 15 hours of 
RAD 
RHL 


RHD 
WHL 


The following experiment was undertaken to deter- 
mine the effect of wood species, method of seasoning, 
and light on the rate of the development of the immature 
stages of Lyctus planicollis LeC. and the total number 
of emerging adults. It was conducted in a laboratory 
maintained at 31+3° C., and an average relative hu- 
midity of 85+5 percent. 

Red oak and white oak saplings, approximately 2-3 
inches in diameter, and containing a high starch content, 
were used. The saplings were cut into lengths, debarked 
and further divided into 9- to 12-inch billets. Each 
billet was split into two or three sections. The white 
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oak billets and part of the red oak billets were dried at 
120° C. until the moisture content of the wood dropped 
below 12 percent, at which time it was removed from the 
oven and stored in the laboratory. The remaining 
portion of the red oak billets was placed in the laboratory 
and allowed to air-dry. 


FEMALES 
900 


Fic. 2.—Cumulative number of females of Lyctus 
planicollis LeC. collected over a 38-week period from 
two species of oak, seasoned two ways and kept under 
two light conditions. Key to this figure same as given 
under legend for figure 1. 


Samples from the three wood groups, heat-dried white 
oak, heat-dried red oak and air-dried red oak, were used 
in the test. Wood from each group was cut into pieces 
approximately 3 inches long and placed in wide-mouth 
pint jars. A total of 10 jars containing heat-dried white 
oak, 20 jars containing heat-dried red oak, and 20 jars 
containing air-dried red oak was prepared. A 14-inch 
layer of sand placed on the bottom of each jar furnished 
a crawling surface for insects. Five males and five 
females, not over 3 days old, were placed in each jar. 
A muslin cloth fastened over the top of each jar with a 
rubber band prevented the beetles from escaping. The 
sand and adults were removed from each jar following 
the death of the adults. Ten of the jars containing 
heat-dried red oak and 10 of the jars containing air- 
dried red oak were placed in a closed pasteboard box and 
maintained under dark conditions. 

Daily checks were started approximately 2 months 
after the initial infestation of the wood in a jar. These 
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checks revealed the duration of time from the initial 
infestation of the wood to the formation of the first exit 
and the emergence of the first male and female. Daily 
counts of all newly emerged adults were conducted until 
the high initial emergence slackened, and thereafter 
weekly counts were made. Weekly counts were con- 
tinued for 38 weeks from the date of the initial infesta- 
tion in each jar. 


Table 1.—Minimum number of days between initial 
infestation of wood and collection of the 
first male and female. 


Minimum number 
of days before 
first emergence 


Daily 
Drying | exposure to 
of wood | light (hours) 


Type 
of wood 


Male 


Female 


71 
70 
68 
76 
72 


71.4 


Air 
Air 
Heat 
Heat 
Heat 


Red oak 
Red oak 
Red oak 
Red oak. 
White oak. 
Mean. 


a2 
Neo OS 


= 


To ascertain the approximate moisture content of the 
wood samples used in the test, the moisture content of 
other pieces of uninfested oak woods kept in the same 
room was determined on three different dates during 
the test period. 

The first male and the first female were collected from 
air-dried red oak and heat-dried red oak on the 69th 
and 68th days, respectively, after exposure of uninfested 
wood to adults, with initial beetle emergence in all 
groups occurring within the following 9 days (see table 
1). This duration of the development period is shorter 
than that reported by Christian (1940). 

A high emergence rate commenced between the 10th 
and 12th weeks, and continued for 4 weeks. This was 
followed by a period during which few adults emerged. 
In the following weeks no definite emergence pattern 
occurred in the groups, although more adults were col- 
lected from the air-dried red oak, kept in 15 hours of 
light daily, than from the other four wood groups (figs. 
1 and 2). 

Approximately twice as many adults were collected 
from the air-dried red oak, kept in 15 hours of light daily, 
as from the air-dried red oak, kept in darkness, which 
yielded the next highest number of beetles, and over 
three times as many adults as the heat-dried red oak, 
kept in 15 hours of light daily, the heat-dried red oak, 
kept in darkness and the heat-dried white oak, main- 
tained in 15 hours of light daily (see table 2). Adults 
were collected in larger numbers from red oak than from 
white oak. Air-dried wood yielded more adults than 


Table 2.—Total mean number of adults of Lyctus planicollis LEC. which emerged 
from two species of oak, seasoned in two ways and kept under two light 
conditions, over a 38-week period. 


Method 
of drying 


| 
Type 
of wood 

| 


Red oak.... 
Red oak.... 
Red oak... 

Red oak.... 
White oak.. 


Daily exposure 
to-light (hours) 


Mean number of adults 
emerged per jar 


| Male | 


Female Total 


82.6 89 
44 41 
23 27 
29 25. 
21 20 
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heat-dried wood. Data obtained on the influence of 15 
hours of light daily or darkness on the number of emerging 
adults were inconclusive. 

The moisture content of uninfested air-dried red oak, 
heat-dried red oak, and heat-dried white oak wood, 
maintained in the same room as the infested wood used 
to determine the influence of several factors on beetle 
development varied slightly. Air-dried red oak wood 
maintained the highest mean moisture content, 9.32 
percent, in all three determinations, while the heat- 
dried red oak and heat-dried white oak wood gave means 
of 7.87 and 7.92 percent, respectively. This 9.32 percent 
moisture content present in the air-dried wood may have 
had an influence on the total number of adults, for the 
air-dried red oak produced more adults than the heat- 
dried red oak wood and the heat-dried white oak wood. 


ZOOGEOGRAPHY, Publication No. 51. Cari L. 
Husss, Ed. American Association for the Advance- 
ment of Science, Washington, D. C. 1958 x+ 509 
pp., Illus. $12.00. 


The year 1958 marked the centennial of one of the signal 
breakthroughs in man’s long struggle toward enlighten- 
ment. For 100 years biologists have busily exploited 
the opportunities presented by Darwin's concept of 
organic evolution. It was to be expected that many 
biologists would pause a bit to take stock of their pro- 
gress. The 17 separate contributions comprising this 
book provide ample evidence of great progress toward 
understanding of the factors affecting the evolution and 
distribution of animals. But, evidence of how incom- 
plete our knowledge remains is scarcely less apparent. 

The book is actually the outgrowth of two symposia. 
The first, entitled ‘‘The Origin and Affinities of the Land 
and Freshwater Fauna of Western North America,’’ 
contributed 14 papers and the second, on ‘‘Geographic 
Distribution of Contemporary Organisms,'’ contributed 
three. The first symposium was held at Stanford Uni- 
versity during the meeting of the American Institute of 
Biological Sciences held in August 1957 and was spon- 
sored by the Pacific Section of the Society of Systematic 
Zoology and other biological societies interested in 
biogeography. The second symposium was a feature of 
the annual meeting of the American Association for 
Advancement of Science at Indianapolis in December 
1957. 

At the outset it should be noted that the title ‘‘Zoo- 
geography"’ seems to be somewhat more inclusive than 
is warranted by the contents. Though these are ex- 
ceedingly diverse and concern zoogeography, they 
scarcely encompass the full scope of the subject. As 
would be expected from the titles and sponsorship of the 
symposia, emphasis is on special aspects of animal 
distribution in western North America, though several 
papers are concerned with more inclusive geographic 
areas. H.D. MacGinitie’s paper on paleoclimate treats 
North America. Papers by K. C. Parks and W. H. 
Burt analyze the faunal relationships of North America 
and Asia, while William Hovanitz is concerned as much 
with South as with North America. The paper by P. B. 
King is concerned with the geological background of the 
origin and affinities of the land and freshwater faunas of 
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western North America. G. A. Bartholomew considers 
the role of physiology in limiting or explaining animal 
distribution. This is an ecological approach stressing 
the animals’ response to their environments, a theme 
that is continued in a later paper by Paul S. Martin. 
Martin considers the disruptive effects of shifting cli- 
matic zones and concludes that primitive man was a 
contributing, if not the principal agent causing the 
extermination of the late Pleistocene fauna of large 
herbivorous mammals. 

Birds (A. H. Miller) Reptiles and Amphibia (R. C. 
Stebbins) (F. E. Peabody and J. M. Savage) fish (R. R. 
Miller) vertebrates in general (W. F. Blair) invertebrates 
other than insects (R. W. Pennak) and papers on insects 
(H.H.Ross)(J. A. Rehn) (E. G. Linsley) (Wm. Hovanitz) 
indicate the diversity of the animal groups covered. 
C. L. Hubbs contributes the Preface to Part I and the 
“General Conclusion’’ that immediately precede the 
‘‘Authors’ Index’’ and ‘‘An Index of Scientific Names.’’ 
The introduction to the second part was written by 
E. R. Hall. 

The diversity of subject matter and variety of view- 
points represented by 18 authors contributes to the 
general interest of this book and allows the reader 
greater perspective than might otherwise be possible— 
but to a reviewer this constitutes a serious problem, for 
an adequate consideration of all the papers is scarcely 
possible. As an entomologist I find this book refreshing, 
for entomology seems to be coming of age. Papers on 
the history and present distribution of sizeable segments 
of the insect fauna are published alongside those on 
vertebrates and have contributed significantly to the 
knowledge of various facets of zoogeography. This is 
hardly surprising since insects differ markedly from 
vertebrates in rates and mode of dispersal as well as in 
the variety of ecological niches that they occupy. 

Although this book is not the kind that provides a well 
integrated synthesis of zoogeographic information, it is 
a valuable reference work and should be extremely useful 
to any one who undertakes to study a group of insects 
or other organisms with the view of understanding their 
evolutionary origin and present distribution. 

REECE I. SAILER, 
Entomology Research Division, 
U. S. Department of Agriculture 
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A Cyanamid Report: 


What’s new with Malathion? 


New intervals for Malathion— Malathion continues to be the ideal 
material for late season insect control. Reduced intervals between last 
application and harvest were received on these crops in 1958: 

Tomatoes — from 3 days to 1 day with malathion 57% Emulsifi- 
able Liquid, malathion 25% Wettable Powder and 
malathion 4% to 5% dusts. 

Pears — from 3 days to 1 day with malathion 57% Emulsifi- 
able Liquid. 

Cucumbers 

Squash — from 3 days to 1 day with malathion 57% Emulsi- 

Melons f fiable Liquid, malathion 25% Wettable Powder and 

4% to 5% dusts. 

Brambleberry Family — from 7 days to 1 day with malathion 57% 
Emulsifiable Liquid, malathion 25% Wettable Pow- 
der and 4% to 5% dusts. 

Extended interval: — The label for leaf lettuce has been extended from 
10 days to 14 days. The label for head lettuce remains the same: 7 days. 


New crop uses for Malathion — Label acceptance of malathion for 
insect control on figs and okra extends its already long crop use list to 95. 
Okra — For the control of aphids. Use recommended rates of 
malathion Emulsifiable Liquid, Wettable Powder or dusts 

up to time pods start to form. 

Figs — For control of dried fruit beetles and vinegar flies. Use 
Emulsifiable Liquid or dusts at recommended rates. Apply 
when necessary up to 3 days from harvest. 

New animal claims — In addition to label acceptance for direct appli- 
cation on cattle, hogs, poultry, cats and dogs, malathion has received 
these labels for direct application on sheep, goats and swine: 

For the control of lice, ticks and keds on sheep and goats. Apply 16 lbs. 
of malathion 25% Wettable Powder per 100 gallons of water. Spray 
animals thoroughly. Repeat application after 2 or 3 weeks if needed. 
Do not apply to milk goats. Do not treat animals under one month of 
age. When applying sprays, avoid contamination of feed, food contain- 
ers and watering troughs. 

For the control of lice on swine, use malathion 4% or 5% dust making 
a thorough application to the animals. In addition, pens should also be 
thoroughly dusted. Repeat application in 10 days, and thereafter as 
needed. Avoid contamination of feed, food containers and watering 
troughs. 


Developer and producers of 
malathion and parathion. 


Agricultural Division, Dept. HE, | MALATHION 
New York 20, N. Y. INSECTICIDES 
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